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PREFACE  TO   THE   ENGLISH   EDITION 

The  teaching  of  Plant  Physiology  in  England,  which  owes  so 
mnch  to  the  energy  and  enthusiasm  of  Francis  Darwin,  has  been 
seriously  retarded  by  the  want  of  suitable  manuals  of  laboratory 
practice,  and  hence  no  apology  is  needed  for  the  appearance  of 
a  translation  of  Professor  Detmer*s  well-known  and  excellent 
Praiktikum. 

No  sufficient  reason  has  been  found  for  addition  or  alteration, 
and  the  Second  Grerman  Edition  has  been  presented  in  its 
entirety. 


S,  A.  MOOR. 


GoNDAL,  Mareht  1898. 
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AUTHOR'S   PREFACE  TO  THE  FIRST 

EDITION 

It  is  by  no  means  suflBcient  for  the  student  of  plant  physiology 
to  attend  lectures,  or  wade  through  text-books  on  the  subject. 
He  must  endeavour  to  familiai*ise  himself,  from  practical  experi- 
ence, with  the  methods  of  research. 

Plant  physiology  is  now  of  such  far-reaching  significance  for 
students  of  Natural  Science,  Agriculture,  Forestry,  and  Medicine, 
that  it  has  become  a  matter  of  importance  to  devote  greater 
attention  to  it  than  hitherto  in  Universities  and  other  advanced 
educational  institutions.  Especially  it  seems  desirable  to  organise 
physiological  exercises  for  students,  and  having  myself,  with  very 
favourable  results,  introduced  such  a  course  of  practical  work 
in  the  University  at  Jena,  I  know  from  experience  that  the 
difficulties  of  the  undertaking,  which  at  first  sight  appear  con- 
siderable,  can  be  satisfactorily  overcome. 

In  this  book  I  have  set  before  myself  the  task  of  advancing 
to  the  best  of  my  ability  the  study  of  Plant  Physiology.  The 
Practifal  Plant  Physiologij^  however,  is  by  no  means  exclusively 
intended  for  the  use  of  students.  I  trust  that  it  may  be  welcome 
also  to  many  teachers  in  higher  grade  schools.  For  many 
reasons  Botany  forms  a  particularly  suitable  subject  of  study 
for  schools,  and  a  series  of  physiological  experiments  not  only 
gives  a  very  special  interest  to  the  teaching  of  Botany,  but  also 
enhances  its  importance  as  a  means  of  mental  development. 

The  arrangement  of  the  material  in  the  book  is  essentially  the 
same  as  that  followed  in  my  Lehrhuch  der  PJlanzenphysiologie, 
published  in  1883  by  B.  Trewendt,  Breslau.  Theoretical  con- 
siderations, to  which  in  that  treatise  a  considerable  space  was 
naturally  assigned,  are  here  almost  entirely  wanting. 

My  work  during  the  last  four  years  in  the  preparation  of  this 
Practical  Plant  Physiology   has   been   very   great.      It  has  been 
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necessary  to  undertake  a  large  number  of  the  most  various 
physiological  experiments  and  microscopical  observations,  in 
order  as  far  aa  possible  to  arrive  at  an  independent  judgment 
as  to  the  value  and  practicability  of  the  methods.  Throughout 
the  book  special  stress  has  been  laid  on  the  establishment  of  the 
relations  between  the  anatomical  structure  and  the  physiological 
function  of  plant  organs,  and  at  the  same  time  biological  rela- 
tionships have  not  been  left  out  of  consideration. 

I  have  taken  pains  to  make  the  apparatus  suggested  for  the 
experiments  as  simple  as  possible,  so  that  it  can  be  put  together 
by  any  one  without  great  difficulty.  At  the  same  time,  of  course, 
certain  complicated,  and  hence  also  expensive,  instruments  are 
indispensable,  as,  for  example,  a  good  microscope,  a  chemical 
balance,  a  spectroscope,  an  induction  coil,  a  clinostat,  etc. 

W.   DETMER. 
Jema,  t?ie  end  of  September,  1887. 


AUTHOR'S  PREFACE   TO  THE   SECOND 

EDITION 

In  presenting  this  Second  Edition  of  my  Practical  Plant  Physi' 
ology,  I  am  more  conscious  than  ever  of  the  difficulties  associated 
with  the  preparation  of  an  introduction  to  physiological  experi- 
ments. These  difficulties  are  partly  inherent,  and  partly  due  to 
the  fact  that  the  requirements  of  a  course  of  practical  work  are 
by  no  means  the  same  from  all  points  of  view. 

The  arrangement  of  the  material  is  essentially  the  same  as 
in  the  First  Edition.  In  other  respects,  however,  the  book  is 
essentially  a  new  one,  since  almost  every  section  has  been  en- 
larged or  remodelled.  I  have  included  many  new  experiments 
for  lecture  demonstration  or  private  work,  and  have  taken  pains 
to  render  the  book  increasingly  useful  to  those  who  propose  to 
make  a  serious  study  of  plant  physiology,  and  desire  especially 
to  familiarise  themselves  with  the  methods  of  research.  Hence 
the  efficiency  of  methods,  in  this  Edition  for  the  same  reason  often 
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described  in  considerable  detail,  has  been  critically  examined 
with  reference  to  concrete  examples.  It  must,  however,  be  ex- 
pressly remarked  that  for  the  most  part  only  methods  of  general 
significance  conld  receive  consideration,  while  methods  worked 
out  for  special  parposes  have  at  most  been  briefly  referred  to, 
especially  when  satisfactorily  dealt  with  in  easily  accessible 
original  treatises. 

Many  new  drawings,  an  index,  and  the  appendix  indicating 
where  materials  and  apparatus  may  be  obtained,  will  add  to  the 
value  of  the  book. 

I  have  taken  great  care  in  the  selection  of  the  research  material 
recommended  for  the  experiments.  It  will  be  found  that  not  only 
material  available  in  summer  has  received  attention,  but  also 
material  which  may  suitably  be  employed  in  winter.  It  is 
precisely  in  the  less  favourable  season  of  the  year  that  the 
proper  choice  of  material  is  most  important. 

The  number  of  experiments  which  I  have  made  during  the 
last  four  years  to  test  methods  of  research  has  been  very  large 
I  have  also  devised  many  new  pieces  of  apparatus,  which  are 
described  and  figured  in  this  edition. 

It  must  further  be  remarked  that  the  literature  appearing 
after  the  middle  of  1894  could  not  receive  attention. 

A  French  translation  of  the  First  Edition  of  my  book,  by  Dr. 
Micheels  of  Ypres,  was  published  at  Paris  in  1890. 

My  best  thanks  are  due  to  the  publisher  for  the  great  care  he 
has  taken  in  the  get-up  of  the  book. 

W.  DETMER. 

JsHA,  April,  1895. 
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FIRST    PART. 

Physiology   of  Nutrition. 

FIRST  SECTION. 

The  Food  of  Plants. 

I.    ASSIMILATION. 

1.    Proof  of  the  Fact  that  Oreen  Plants  are  Ahle  to  Produce 
Organic  Snhstance  from  Inorganic  Material. 

The  fact  that  green  plants  can  produce  organic,  i,e.  carbonaceous, 
combustible  substance  from  inorganic  material,  is  of  snch  funda- 
mental significance,  and  the  experiments  to  be  made  in  order  to 
establish  it  are  so  instractive,  that  very  special  attention  mnst 
be  paid  to  it.  The  investigations  can  be  made  at  almost  any 
time  of  the  year;  they  certainly  give  by  far  the  best  results  in 
snmmer  owing  to  the  favourable  conditions  for  vegetation  then 
prevailing,  and  if  we  are  intending  experiments  in  which  the 
plants  are  to  be  brought  to  fall  development  and  seed  ripening, 
it  is  clear  that  winter  will  not  answer  our  purpose.  For  re- 
search material  we  may  employ  maize,  wheat,  oats,  buckwheat,' 
or  beans. 

It  is  first  necessary  to  ascertain  the  dry  weight  of  the  dormant 
fruits  or  seeds  used,  in  order  to  determine  the  quantity  of  organic 
substance  contained  in  them.  A  few  fruits  or  seeds  are  ground  to 
a  fine  powder  in  a  small  hand-mill,  and  a  small  quantity  of  this 
powder,  whose  weight  however  must  be  accurately  ascertained, 
will  serve  for  the  determination  of  the  amount  of  dry  substance 
contained  in  the  originally  air-dry  material.  About  3  gr.  of  the 
powder  is  placed  in  a  suitable  glass  (weighing  glass),  and  freed 
from  water  at  100°  C.  in  the  drying  chamber.  It  is  found  that 
the  air- dry  fruits  or  seeds  contain  about  85  per  cent,  of  dry  snb- 
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-/%-•  t<>^  VI *r.-  "T  -*/  'c^^*^  >i  ri'Ji.ti.T^tT  «c  Tn-ijii-  -xts  ■»»  that  isre 
f'^  *,'^,  ^\.z-\7»',  *rzu*fr .r.j^f^'Tjk  *^i>.i  a-r^  v.  *♦*  2Ltfif-  w*  ««rijeirc  & 

m  *  .  - 

»f.^  4r/  wr^^jr?*^*  ^■f  *ai/:%  :ry:lr'Az^l  fr-:*:  or  *a.;i  iziii^AzJkl  sfe*L 

fv^/r  hortr^  \/»  W09k4i,  Tf*'rr  *rfr  tHfrti  transfeTrei  to  mi-i^s  sawdust, 
f'/^ti/^\fi$^A  \u  %  H'»Jjif/,*:  \fffX  or  f:oirer-pot.  to  eermiiiate.  It  maj 
h^rr*j  f^?  rtzfft^fkt'A  f^ift^  for  all  tbA?  the  aawdast,  well  s^^aked.  most 
\m*.  rfihfM'A  \p*^.nt'*ru  t}(H  har.djt,  and  p!a/^-*rd  in  the  Teste's  so  as  to 
f//rr//  a*  l^y/v:  a*  jKr*>Jol#j  a  «*r*;d  b*:*!.  We  Uj  the  Phase^jlos  seeds 
hony/fti*f^lly  ir$  >K'?  nstwdnnt.  t¥f  that  the  emergent  root  forms  a 
ri'/\tl  hti^fSn  wifh  th*;  lon;^  axU  of  the  «eed-  Maize  grains  are  so 
U%n\  i\ttt,i  ih<r  t^vi*'.rit}u^  rffftt  f:nu  fn^jw  straieht  downwards  witbont 
ftntkUti(  iiurVHiiif'trn,  Ho  H\'4ff  we  laj  needs  of,  e.g.,  Ticia  Faba  in 
iUn  utiwf\tiki  with  the*  mutrffpyle  directed  downwards.  When  their 
m^itf'.ltm  httvtt  v(tiu:Ut*A  a  l<;ri$(th  of  Keireral  centimetres  the  seedlings 
ar<t  f'.itttl\htin\y  nttWfVvA  from  the  sawdast,  carefallj  washed,  and 
fnvl\it*.f'  (\tivt*.\ff\nA  by  the  method  of  water  cnlture. 

K/;r  i\i'iH  w«  utjiA  in  the  first  place  snitable  glass  cylinders, 
whi^fh,  If  WM  fi,rti  experimenting,  e.g.,  with  maize  plants,  mnst  be 
ttti\ui\fUi  of  holding  about  2  litres  of  (laid.  For  smaller  plants 
Miiifilh^i'  vtiHm^ln  will  Hii(fi<'e.  The  cylinders  are  filled  not  with 
piii'M  water  but  with  a  food  solution,  in  order  to  satisfy  the  re- 
ifuifMriMintN  of  tho  planiH  an  regardn  mineral  substances,  a  subject 
itf  which  w«j  Nhall  rnturn  in  detail  later.  The  food  solution  may 
Im«  priipfU'od  at  on(;o  in  large  quantitien,  and  kept  in  the  dark  in 
woll  rhmiMl  v<'kh<«U.  A  Muitablo  food  solution  is  obtained  by  using 
fho  NpfuMdnd  rpiantititm  of  tho  substances  named  below  to  1  litre 
of  illNtilliMl  waifir  * 

1  i)    gr.  ('alciurn  nitrate  (Ca(N03)2)  ; 

()'li'»  gr.  lN)taHHium  chloride  (KCl)  ; 
'  0  lii")  gr.  MagneHium  sulphate  (Mg  SO4)  ; 

()'J."»  gr.  PoiaHHJum  phosphate  (KH2PO4). 

*  11  U  iptitn  Mulllinont  to  wiukU  out  the  salts  by  means  of  qk  small  pair  of 
hnud  HiMil«>M  with  lioni  •nilO'paiiB. 
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To  the  aqueous  solution  of  these  substances  we  further  add  a  few 
drops  of  Ferric  chloride  solution. 

I  have  often  used  this  food  solution  with  much  success.  A 
verj  satisfactory  food  solution  is  also  obtained  by  dissolving  the 
following  in  1  litre  of  water : — 

I'O  gr.  Potassium  nitrate ; 
V    ^  ^'^  &^'  Sodium  chloride  ; 

Y/  0*5  gr.  Calcium  sulphate ; 

0*5  gr.  Magnesium  sulphate ; 

0'5  gr.  tribasic  Calcium  phosphate. 

The  Calcium  phosphate  is  very  finely  powdered  before  use.  It  is 
very  sparingly  soluble  in  water,  and  consequently  forms  a  sedi- 
ment at  the  bottom  of  the  culture  vessel.  The  food  solution  is 
completed  by  addition  of  a  few  drops  of  Ferric  chloride  solu- 
tion. 

Having  filled  the  cylinders  with  food  solution,  and  selected  for 
each  a  suitable  cork  provided  with  a  large  hole,  the  seedlings  are 
fixed  in  the  holes  of  the  corks  by  means  of  cotton  wool  (see  Fig.  1). 
Each  plant  requires  a  separate  cylinder.  The  roots  must  extend 
into  the  food  solution;  the  still  present  receptacles  of  reserve 
material  (endosperm  or  cotyledons)  should  not  dip  into  it,  but 
still  must  not  be  allowed  to  dry  up.  The  culture  vessels  with 
their  plants  are  placed  in  front  of  a  window,  where  the  latter  are 
exposed  to  direct  sunlight.  Over  the  cylinders  however  is  pasted 
black  glazed  paper,  so  as  to  prevent  the  development  of  algaa  in 
the  food  solution  and  on  the  roots  of  the  plants.  The  white  side 
of  the  paper  must  be  outside,  and  then  the  finid  in  the  culture 
vessels  does  not  get  too  warm.  A  still  more  simple  plan  for  screen- 
ing the  roots  from  access  of  light  is  to  place  each  culture  vessel  in 
a  cardboard  cylinder.  It  is  obvious  that  as  vegetation  proceeds 
care  must  be  taken  to  replace  frequently  by  distilled  water  the 
water  absorbed  from  the  food  solutions. 

The  precautions  to  which  attention  must  be  paid  when  it  is 
desired  to  bring  plants  to  an  advanced  stage  of  development  by  the 
water-culture  method,  will  be  discussed  later  iu  this  section.  We 
are  at  first  only  concerned  in  proving  that  green  plants  in  general 
can  produce  organic  substance,  and  it  is  therefore  quite  sufficient  if 
they  veget«.te  for  a  few  weeks,  and  produce  vigorous  stems,  leaves 
and  roots.     We  then  remove  the  plants  from  the  food  solutions, 
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rednce  them  &s  quickly 
AS  posaible  to  the  air- 
dry  condition  by  ex- 
posure to  the  air,  then 
with  BcisBora  cat  up 
each  plant  eeparately 
as  finely  as  possible, 
and  use  either  the 
whole  mass  of  an  iadi- 
vidnal  or  a  weighed 
portion  of  the  air-dry 
Bubstance  for  the  de- 
termination of  the  dry 
weight. 

If  we  compare  the 
dry  weight  of  a  plant 
with  that  of  the  seed, 
we  find  that  the  former 
is  many  times  greater 
than  the  latter.  Since 
the  ash  of  the  plants 
obtained,  like  that  of 
the  seed,  is  relatively 
very  small  in  quantity, 
it  follows  that  a  large 
quantity  of  organicsnb- 
stanco  has  been  pro- 
duced by  onr  plants. 
We  have  however 
placed  at  their  disposal 
no  organic  Bnbstances, 
bnt  merely  water,  some 
Baits,  and  the  consti- 
tuents of  the  air.  j^nd 
onr  cnltares  therefore 
indicate  that  the  re- 
search objects  used  are 
able  to  produce  organic 
bodies  from  pnrely  in- 
organic material. 
It  it  is  proposed  to  make  extended  water-cnltnre  investigations, 
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I 

and  bring  the  research  objects  (oats,  maize,  buckwheat,  etc.)  to 
complete  development  and  fruit  ripening,  the  cultures  will  natur- 
ally require  far  greater  attention,  than  when  the  object  is  merely 
to  prove  that  green  plants  in  general  are  able  to  produce  organic 
substance. 

1.  The  seeds  or  fruits  are  soaked  for  twelve  to  twenty-four  hours 
in  distilled  water,  and  then  germinated  in  well -washed  sawdust 
loosely  filled  into  flower-pots.  (Further  particulars  have  already 
been  given  above.)  Under  some  circumstances,  and  especially  in 
accurate  investigations  of  the  requirements  of  plants  as  regards 
mineral  substances,  it  is  advisable  to  germinate  the  seeds  or  fruits, 
after  soaking,  between  folds  of  Swedish  blotting-paper.  After 
soaking  the  seeds  are  placed  horizontally  or  vertically  between 
many  times  folded  blotting-paper,  which  is  then  fixed  upright 
with  its  lower  end  dipping  into  distilled  water,  which  covers  the 
bottom  of  a  wide-necked  glass  vessel.  The  arrangement  is  finally 
covered  with  a  bell-glass,  the  tubulure  of  which  is  loosely 
plugged  with  cotton  wool. 

2.  When  the  roots  of  the  seedlings  have  attained  a  length  of 
a  few  cm.,  they  are  transfei*red  to  culture  vessels  of  1-4  litres 
capacity  according  to  circumstances.  The  culture  cylinders  can 
be  closed  by  means  of  a  cover  provided  with  three  openings,  and 
made  of  japanned  sheet  zinc,  or  better  of  porcelain.  The  middle 
opening  is  fitted  with  a  halved  and  perforated  cork.  In  this  per- 
foration a  seedling  is  fixed  as  above  described  by  means  of  cotton 
wool.  Or  we  may  fix  the  seedling  directly  into  the  opening  (about 
3  cm.  in  diameter)  of  the  cover  without  using  a  cork.  The 
second  opening  of  the  cover  is  closed  with  a  perforated  cork, 
which  holds  firmly  the  lower  end  of  a  thin  wooden  rod  intended 
to  support  the  plant  during  its  development.  The  third  opening 
of  the  cover  is  closed  with  a  non- perforated  cork. 

3.  The  shading  of  the  roots  in  the  culture  vessels  is  easily 
attained  by  putting  these  into  suitable  cardboard  cylinders,  or  by 
wrapping  the  cylinders  with  several  layers  of  flannel.  Care  must 
be  taken  on  hot  sunny  summer  days  that  the  food  solution  does 
not  get  too  warm. 

4.  The  culture  vessels  are  placed  at  the  window  of  a  room 
with  a  south  aspect.  It  greatly  promotes  the  development  of  the 
plants  if  the  culture  vessels  are  placed  as  often  as  possible  in  the 
open  air  in  front  of  the  window.  If  we  make  extended  researches 
every  year  with  the  help  of  the  water-culture  method,  it  is  very 
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desirable  to  set)  up  a  special  plant  hoase,  made  of  glass  and 
iron,  and  so  constructed  that  the  culture  Tessels  standing  on 
small  trollies  can  readily  be  brought  into  the  open  as  often  as 
possible.^  * 

5.  Obviously  care  must  be  taken  to  replace  frequently  the 
water  lost  by  the  food  solutions.  When  the  plants  have  formed 
a  vigorous  root  system,  it  is  advisable  to  remove  them,  for  one  to 
two  days,  say,  every  week,  from  the  food  solutions,  and  transfer 
them  to  distilled  water. 

6.  Great  care  must  be  taken  to  keep  the  food  solution  slightly 
acid  in  reaction.  An  alkaline  reaction,  which  is  highly  injurious, 
may  be  remedied  by  addition  of  a  little  Phosphoric  acid. 

7.  To  keep  the  roots  in  the  food  solution  adequately  supplied 
with  Oxygen,  and  prevent  the  formation  of  Ferric  sulphide  which 
may  take  place  with  deficiency  of  Oxygen,  it  is  advisable  to  pass 
a  stream  of  air  through  the  food  solution  once  or  twice  every  day. 
This  is  most  simply  done  by  means  of  a  gasholder.  The  glass 
tube  conducting  the  air  passes  to  the  bottom  of  the  culture  vessel 
through  the  third  opening  above  mentioned  of  the  cover.^ 

8.  Very  frequent  i-enewal  of  the  food  solution  is  by  no  means 
necessary,  and  not  even  of  advantage,  as  experience  has  frequently 
shown.  As  a  rule  it  is  sufficient,  if  we  are  working  with  culture 
vessels  of  about  3  litres  capacity,  to  renew  the  solution  two  or 
three  times  in  the  course  of  the  summer.  It  is  convenient  to  pre- 
pare beforehand  concentrated  solutions  of  the  nutrient  salts,  and 
then  dilute  them  to  the  proper  strength  for  use.  For  example,  we 
may  dissolve  in  every  50  c.c.  of  water,  1  gr.  Calcium  nitrate, 
025  gr.  Potassium  chloride,  and  0*25  gr.,  acid  Potassium  phos- 
phate, and  in  a  second  solution  keep  on  hand  0*25  gr.  Mag- 
nesium sulphate  to  every  50  c.c.  of  water.  The  food  solution 
when  made  up  will  only  require  the  addition  of  a  few  drops  of 
Ferric  chloride  solution.  It  is  advisable  to  remove  the  plants 
from  the  food  solution  when  the  stage  of  fruit  ripening  draws 
near,  and  to  supply  them  with  distilled  water  only,  which,  if  the 
researches  permit  it,  is  very  slightly  acidified  with  Nitric  or  Phos- 
phoric acid. 

At  the  time  of  flowering  care  must  be  taken  that  normal  fertili- 
sation takes  place.     It  is  generally  sufficient  to  let  the   plants 

*  It  is  advisable  to  enclose  the  space  intended  for  the  plants  outside  the 
plant  hoase  with  wire  netting,  so  as  to  keep  away  birds. 
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stand  in  the  open  air,  e.g.,  outside  the  window  or  behind  the  open 
window.  The  transference  of  the  pollen  to  the  stigma  can  then 
be  effected  by  insects. 

As  we  have  said,  consider9rble  warming  of  the  food  solution,  and 
also  deficiency  of  Oxygen  in  it,  may  be  very  prejudicial  to  success 
in  cultivating  plants  by  the  water-culture  method.     Wortmann* 
has  recently  described  a  simple  method  for  considerably  reducing, 
if  not  completely  eliminating,  these  dangers,  a  method  which  is 
particularly  to  be  recommended  when  it  is  desired  to  obtain  hand- 
some  plants   by  the  method  of  water    culture  for   purposes   of 
demonstration.    We  caltivate  the  plants,  viz.,  in  very  large  vessels. 
Suitable  glasses  are  to  be  obtained  at  a  price  of  5  marks  from 
Ehrhardt  <fc  Metzger  in  Darmstadt.     They  are  60  cm.  high,  25 
cm.  in  diameter,  and  hold  26^  litres  of  water.     We  fill  the  glass 
cylinders,  if  only  demonstration  experi- 
ments are  intended,  with  spring  water, 
introduce   the  germinated  plants    (e.g., 
Phaseolus),  and    let   them  vegetate  for 
six  days.     We  then  add  to    the   water 
sufficient  nutrient  salt  (its   composition 
may,  e.g.,  be  such  as  is  specified  on  p.  3) 
to  give  a  concentration  of    1   per  cent. 
After  three  to  four  days  the  strength  is 
raised  to  2  per  cent.,  and  after  three  to 
four  days  longer  to  3  per  cent.     Every 
three  or  four  days  the  food  solution  is 

thoroughly  well  stirred  up.  It  need  not  be  renewed,  but  care 
must  be  taken  to  replace  the  evaporated  water.  To  shade  the 
roots  it  is  sufficient  to  wind  round  the  cylinders  one  to  two  layers 
of  white  linen  or  woollen. 

For  the  cover  of  the  culture  cylinder  we  use  a  round  piece 
of  wood,  which  projects  a  little  beyond  the  margin  of  the  vessel. 
The  cover  is  easily  prevented  from  slipping  about  by  driving  in  a 
few  nails  from  below.  In  the  middle  of  it  is  a  hole  3  cm.  in 
diameter,  in  which  the  plant  can  be  fixed  in  the  usual  way.  Just 
beside  this  hole  is  another,  in  which  is  fixed  a  not  too  thick 
rod,  which  serves  to  support,  e.g.,  a  Phaseolus  plant.  From  the 
central  hole  a  slot  about  25  cm.  broad  runs  to  the  periphery 
of  the  cover.  By  means  of  this  the  reseat  ch  plant  can  be  readily 
introdaced  or  taken  out.  The  slot  is  closed  by  means  of  the  strip 
of  wood  which  is  removed  in  making  it.     The  cover,  seen  from 


Fio.  3.— Wooden  cover  for  a 
caltare  vesBel. 
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above,  is  represented  in  Fig.  2.  In  a  vessel  arranged  as  above, 
which  contained  only  abont  5  litres  of  water,  I  brought  a 
Phased  as  plant  to  splendid  development.  A  complete  renewal 
of  the  food  solution  was  not  made  from  the  commencement  of  the 
experiment  till  the  time  of  flowering,  when  the  plant  was  above 
the  height  of  a  man.  I  often  found  that  in  mj  laboratory,  where 
Maize  grew  vigorously,  that  beans  did  not  develop  normally. 
Relatively  dry  air  and  the  products  of  combustion  of  gas  appear 
to  influence  the  growth  of  beans  far  more  injuriously  than,  e.^., 
that  of  the  Maize ;  the  former  consequently  must  always,  when 
a  plant  house  is  not  available,  be  cultivated  in  the  open  air  out- 
side the  window. 

An  excellent  object  for  water  cultures  intended  for  purposes  of 
demonstration  is  the  willow.  For  example,  early  in  February, 
1894,  I  introduced  into  the  cover  of  the  5  litre  culture  cylinder  a 
branch  of  Salix  fragilis,  about  25  cm.  long  and  2  cm.  in  diameter. 
The  vessel  contained  at  first  only  spring  water,  in  which  the 
branch  was  immersed  to  half  its  length.  Over  the  portion  rising 
above  the  cover  was  placed  a  glass  cylinder.  At  the  end  of  four 
weeks  the  buds  began  to  burst,  and  the  roots  had  already  become 
fairly  long.  The  glass  cylinder  was  now  removed,  and  the  spring 
water  in  the  culture  vessel  was  replaced  by  food  solution  (half 
strength).  At  the  end  of  the  next  four  weeks  food  solution  of  the 
usual  strength  was  put  into  the  culture  vessel.  Every  day  the 
evaporated  water  was  replaced,  and  every  two  months  the  food 
solution  was  renewed.  In  the  course  of  the  summer  a  vigorous 
root  system  developed,  and  six  long,  branched,  very  woody, 
perfectly  normal  lateral  branches  with  numerous  leaves.  Daring 
the  summer  the  plant  was  often  placed  in  the  open  air  outside  the 
window.  At  the  beginning  of  September  the  food  solution  was 
replaced  by  spring  water;  the  plant  was  kept  in  a  warm  room 
behind  a  window  looking  to  the  south.  It  cast  its  leaves  quite 
gradually  from  the  middle  of  October  to  the  end  of  December, 
and  now  (January  10,  1895)  is  still  in  a  state  of  winter  dormancy. 


^  Bespecting  suitable  plant  houses  see  Wolff,  Versucfustatiofien^  Bd.  8,  p. 
485 ;  and  Nobbe,  idem,  Bd.  12,  p.  477. 

*  Gasholders  are  to  be  obtained  from  B.  Muencke,  Berlin,  Luisenstr.  58. 
The  Wasierttrahlgebldse,  also  to  be  obtained  from  Muencke,  are  likewise  very 
convenient  for  passing  air ;  they  can  be  attached  in  the  simplest  manner  to 
the  water  supply.    See  Mnencke's  Catalogue,  1836,  Pt.  1,  p.  76. 

'  See  Wortmann,  Botan.  Zeitung,  1892. 
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2.    The  Production  of  Organic  Substance  in  &reen  Plant  Cells 

under  the  Influence  of  Light. 

The  production  of  organic  material  in  the  green  plant  cell  is 
dependent  on  the  co-operation  of  light,  an  important  doctrine  in 
plant  physiology,  of  the  truth  of  which  we  must  satisfy  ourselves 
by  experiment.  We  weigh  separately  a  few  maize  grains,  and 
estimate  their  dry  weight.  (See  1.)  After  soaking  the  grains 
and  germinating  them  in  sawdust,  each  seedling  is  separately 
fixed,  in  the  manner  described  in  1,  in  a  cylinder  filled  with  food 
solution.  Some  of  the  culture  vessels  are  now  placed  in  darkness 
under  a  large  cardboard  box  ;  the  others,  under  otherwise  similar 
conditions,  are  exposed  in  a  very  well  lighted  place  to  the  alterna- 
tion of  day  and  night.  The  leaves  of  the  plants  kept  in  the  dark 
do  not  become  green  like  those  of  the  illuminated  plants,  but 
assume  a  yellow  colour,  since  the  normal  green  chlorophyll  pig- 
ment can  only  develop  in  the  cells  when  they  are  exposed  to  the 
lights  After  four  or  five  weeks  we  remove  the  plants  from  the 
cultui*e  solutions,  dry  them  in  the  air,  and  determind  the  weight 
of  dry  substance  in  each  individual,  which  weight  is  then  to  be 
compared  with  that  of  the  corresponding  seed  grain.  The  dry 
weight  of  the  illuminated  plants  is  found  to  be  considerably 
greater  than  that  of  the  maize  grains  started  with,  while  the  dry 
weight  of  the  plants  grown  in  the  dark,  is,  as  I  ascertained,  about 
50  per  cent,  less  than  that  of  the  seeds.  In  absence  of  light  no  for- 
mation of  new  organic  material  can  take  place,  but  on  the  contrary 
a  large  portion  of  the  organic  bodies  already  present  are  broken 
down  in  metabolism  (respiration).  In  presence  of  light  it  is  true 
the  breaking  down  of  organic  material  in  respiration  also  takes 
place,  but  the  losses  due  to  this  are  more  than  covered  by  assimi- 
lation, so  that  the  dry  weight  of  plants  vegetating  in  the  light 
progressively  increases.* 


3.    The  Organs  of  Assimilation. 

If  we  consider  in  the  first  place  only  what  is  presented  to  us 
in  the  higher  plants,  it  is  to  be  noted  that  most  of  them  have 
well  developed  foliage  leaves.  These  are  to  be  placed  in  the  very 
first  rank  as  organs  of  assimilation.     Their  blade  presents  a  large 

*  For  similar  experiments  see  Detmer,  Vertachsttationent  Bd.  14. 
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Bnrfaee  to  the  Cftrbon  dioxide- containipg  air,  and  tlieir  green  tissne 
18  kept  extended  by  the  special  arrangement  of  tlie  nerves.  The 
nerves  also  convey  to  the  mesophyll  the  water  and  mineral  sub- 
stances necessary  for  t'he  life  and  functions  of  the  cells  of  the 
chlorophyll-containing  |farenchyma.  The  arrangement  of  the 
nerves  in  the  leaf  is  of  coarse  very  different  in  different  plants, 
and  we  may  proceed  as  follows  to  obtain  special  information  on 
this  subject.  A  leaf  of  Impatiens  parviflora  is  laid  in  alcohol 
till  the  chlorophyll  is  extracted.  We  then  place  the  leaf  for  a 
time  in  a  solution  of  5  parts  of  chloral  hydrate  in  2  parts  of  water. 
By  this  means  the  leaf  is  rendered  highly  transparent,  and  por- 


3B  or  part  of  a  nmtare  leaf  of  Trifolitim  pntenK:  oi,  upr-n 

in  tbs  erystnl  Bhealli  of  thn  Tuculor  bundle ;  hit,  wood  of  cbe  vuculu  bundle  i  g.veuelB; 
n*.  lott  bMl  1  hf,  bui^l  flbrM.    Majtn.  900.    (Aflar  H.  do  VrisB.) 

tions  of  it  may  be  submitted  at  once  to  microscopic  examination. 
In  the  mesophyll  we  perceive  elongated  cells,  which  contain 
bandies  of  raphides  (crystals  of  Calcium  oxalate).  The  leaf  is 
traversed  by  a  fairly  strong  median  nerve,  from  which  lateral 
nerves  of  the  first  order  rnn  to  the  edge  of  the  leaf,  where,  curv- 
ing opwarda  in  an  arc,  they  join  on  to  the  next  higher  lateral 
nerves  of  the  first  order.  The  nerves  o£  the  first  order  give  o5 
nerves  of  the  second  order,  these  nerves  of  the  third  order,  and  so 
on,  so  that  a  much  divided  network  is  formed,  of  which  the 
ultimate  very  fine   branches   in    part  end   blindly  in   the    meso- 

i.hjii.' 
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In  order  to  gain  general  information  as  to  the  anatomical  strac- 
ture  of  the  raesophyll,  we  now  proceed  to  prepare  as  thin  as  pos- 
sible transverse  sections  of  leaves,  and  select  for  examination  saj 
the  foliage  leaves  of  Dahlia  variabilis,  Vitis  vinifera,  Berbei-is  vul- 
garis, Syringa  vulgaris,  Tri folium  pratense,  Ilex,  or  Fagas  sylvatica. 
On  microscopic  examination  of  the  sections,  it  is  at  once  evident 
that  the  green  mesophjll  is  not  of  the  same  structure  on  the  upper 
and  lower  sides  of  the  leaf.  (See  Fig.  3.)  Below  the  epidermis  of 
the  upper  side  of  the  leaf  we  find  tubular  cells,  elongated  at  right 
angles  to  the  surface,  and  termed  palisade  cells,  while  on  the 
under  side  of  the  leaf  is  developed  spongy  parenchyma  abounding 
in  intercellular  spaces.  The  cells- both  of  the  palisade  and  of  the 
spongy  parenchyma  contain  chlorophyll  grains,  but  the  former, 
for  reasons  which  cannot  be  set  forth  in  detail  till  later,  is  of 
special  importance  for  vigorous  assimilation,  and  hence  its  occur- 
rence on  the  npper  side  of  many  leaves  demands  special  attention. 

But  even  facts  of  comparative  anatomy  are  of  importance  in 
affording  a  basis  for  the  view  that  the  palisade  parenchyma  must 
be  regarded  as  a  specific  assimilatory  tissue. 

Sax'othamnus  vulgaris  is  a  shrub  bearing  only  very  small  leaves, 
which  appear  inadequate  for  the  work  of  assimilation.  Here  the 
much  branched  stem  system  must  be  operative  as  well  as  the 
leaves,  in  order  that  sufiicient  quantities  of  organic  substance 
for  the  plant  may  be  produced.  A  transverse  section  of  the  stem 
presents  the  appearance  of  a  five-rayed  star,  and  if  we  examine 
a  thin  section  under  the  microscope,  it  will  be  found  that  nnder 
the  epidermis  of  the  ends  of  the  rays  sclerenchymatous  tissue  is 
present  while  the  peripheral  tissue  of  the  intervening  hollows 
is  green.  We  determine  that  this  green  tissue  in  its  outer  layers 
consists  of  palisade  cells,  which  are  elongated  at  right  angles  to 
the  surface  of  the  stems,  while  further  inwards  follow  more 
isodiametric  chlorophyll-containing  cells.  We  also  examine  a 
thin  transverse  section  of  the  stem  of  Spartium  jnnceum.  The 
assimilatory  tissue  below  the  epidermis  here  consists  entirely  of 
palisade  cells.  There  are  about  six  layers  of  much  elongated 
green  cells  arranged  at  right  angles  to  the  surface  of  the  stem. 
The  green  tissue  does  not  however  form  a  closed  ring  below  the 
skin,  the  assimilatory  tissue  alternating  at  the  periphery  through- 
out the  entire  stem  with  sclerencbyma.  In  plants  with  poor 
foliage,  or  plants  which  do  not  produce  any  green  leaves  at  all, 
the  green  tissue  of  the  stem  system  must  undertake  the  work  of 
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assimilation  to  a  very  large  extent  or  altogether,  and  this  tissne 
hence  consists  chiefly  or  entirely  of  palisade  cells. 

The  possession  of  palisade  parenchyma  however  is  by  no  means 
characteristic  of  the  foliage  leaves  of  all  plants.  If,  for  example, 
we  examine  transverse  sections  of  the  yonng  leaves  of  Triticum 
vulgare,  w^e  find  that  the  mesophyll,  which  is  bounded  by  an 
epidermis  both  on  the  upper  and  the  lower  surface  of  the  leaf, 
and  is  traversed  by  vascular  bundles,  is  composed  throughout  of 
nearly  uniform  cells,  roundish  in  transverse  section.  Leaves  in 
which  differentiation  into  palisade  and  spongy  parenchyma  does 
not  take  place  are  frequently  distinguished  by  the  fact  that  not 
the  whole  of  the  tissue  enclosed  by  the  epidermis  consists  of 
chlorophyll-containing  cells.  If,  e.g.,  we  examine  a  transverse 
section  of  a  leaf  of  Iris  germanica,  we  shall  find  green  tissue  below 
the  epidermis  of  the  upper  and  of  the  under  side  of  the  leaf. 
The  vascular  bundles  stand  out  distinctly,  the  bast  being  covered 
on  the  outside  by  a  layer  of  bast  fibres,  and  we  further  see  at 
once  that  the  middle  layer  of  the  leaf  consists  of  cells  full  of 
sap  and  not  green.  Such  chlorophyll-free  cells  are  also  very 
abundant  in  the  leaves  of  Hyacintbus  orientalis  and  the  succulent 
leaves  of  Aloes. 

Reference  must  here  also  be  made  to  the  interesting  fact  that 
leaves  with  well  developed  spongy  and  palisade  parenchyma 
appear  for  that  very  reason  highly  dorsiventral  in  construction, 
and  rank  among  extremely  plagiotropic  organs.  But  by  no  means 
all  foliage  leaves  are  strongly  dorsiventral  in  construction ;  there 
are  many  dicotyledons  in  which  the  mesophyll  of  the  leaves  is 
centric  in  organisation,  and  these  for  the  most  part  exhibit  a  more 
orthotropic  development.  Thus,  e.g.,  the  leaves  of  Anchusa  italica, 
Gentaurea  Jacea,  Tragopogon  orientalis.  Aster  Amellus,  Genista 
tinctoria,  etc.,  are  centric  in  structure.  In  the  last  the  mesophyll 
consists  almost  exclusively  of  cells  elongated  at  right  angles  to 
the  surface  of  the  leaf.  Gentaurea  Jacea  varies  considerably,  as 
I  have  often  found,  according  to  its  habitat.  Individuals  well 
exposed  to  the  sunlight  produce  long  narrow  leaves  which  are 
comparatively  thick.  The  leaves  of  shaded  plants  are  thinner, 
but  greater  in  area.  The  mesophyll  of  the  leaves  of  Gentaurea 
Jacea,  especially  in  plants  exposed  to  the  sunlight,  is  not  dorsi- 
ventral but  centric  in  structure.  We  easily  see,  on  microscopic 
examination  of  delicate  transverse  sections,  that  palisade  paren- 
chyma is  present  both  on  the  upper  and  under  sides  of  the  leaves.' 
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Leaf  stalks  are  generally  poor  in  chlorophyll-containing  cells, 
since  they  do  Dot  for  the  most  part  function  as  organs  of  assimila- 
tion, being  very  differently  occnpied.  Microscopic  examination 
of  a  transverse  section  of  the  leaf  stalk  of  Vitis  vinifera  teaches 
that  close  nnder  the  epidermis  groups  of  collenchyma  bundles 
are  present,  and  that  between  these  bundles  occurs  feebly  developed 
green  parenchyma  together  with  cells,  of  which  sometimes  many, 
sometimes  only  few,  contain  a  red-coloured  pigment  dissolved  in 
the  cell  sap.  The  cortex  of  the  leaf  stalk,  consisting  of  the 
various  tissues  mentioned,  surrounds  the  ring  of  vascular  bundles 
and  the  pith.  Examination  of  the  leaf  stalks  of  other  plants  also, 
e.g. J  those  of  Ghenopodium  bonus  Henricus,  shows  them  to  be 
very  poor  in  green  tissue. 

We  further  prepare  a  transverse  section  of  leaf  stalk  of  a 
Begonia  (I  examined  especially  Begonia  manicata).  Below  the 
epidermis  comes  a  ring  of  collenchyma,  then  large-celled  ground 
tissue  in  which  the  bundles  are  not  arranged  in  a  circle.  The 
peripheral  layers  of  the  ground  tissue  do  indeed  contain  chloro- 
phyll, but  the  chlorophyll  grains,  although  relatively  large,  are 
only  few  in  number. 

The  green  stems  of  plants,  like  the  leaf -stalks,  usually  participate 
only  to  a  very  limited  extent  in  the  work  of  assimilation,  and 
hence  the  bulk  of  their  tissue  contains  no  chlorophyll  grains.  If, 
e.gr.,  we  prepare  a  transverse  section  of  a  poppy  stem,  we  observe 
in  the  centre  the  pith.  Outside  this  come  the  vascular  bundles, 
each  of  which  possesses,  in  addition  the  wood,  a  broad  zone  of 
soft  bast,  and  a  bast  fibre  region  outside  this.  The  medullary 
rays  between  the  individual  vascular  bundles  are  composed  of 
large  cells.  In  the  cortex  the  presence  of  a  closed  cylinder  of 
sclerenchyma  is  especially  characteristic;  this  is  surrounded  on  the 
outside  by  a  layer  of  green  tissue  feebly  developed  in  proportion 
to  the  mass  of  the  stem,  and  immediately  on  this  chlorophyll 
parenchyma  adjoins  the  epidermis.  We  still  further  examine  a 
transverse  section  of  the  stem  of  Ghenopodium  bonus  Henricus, 
and-  find  that  nnder  the  epidermis  collenchyma  and  green  paren- 
chyma alternate  with  one  another.^ 


^  See  Sachs,  Lectures  on  Plant  Physiology. 

*  See  Heinriober,  in  Priogsheim's  Jdhrhucher^  Bd.  15. 

*  Literature  on  assimilatory  tisane  :  Pick,  Beitrnge  zur  Kenntniss  det  astimili- 
renden  Gewebet  armlaubiger  Pfianzen^  Bonn,  1881 ;  G.  Haberlandt,  Pringsheim's 
JahrMeher,  Bd.  13 ;  Stahl,  Botan.  Zeitung,  1880. 
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4.  *  The  Transparency  of  Plant  Tissnes. 

Lisrlit  is  of  great   importance  in  connection  with  very  many 
phvsiological   processes  in  plants,  and  rays  of  nneqnal  refrangi- 
bility  must  by  no  means  be  considered  equivalent  as  regards  the 
influence  which  they  exert  on  plant  life.     It  is  therefore  not  with- 
out interest  to  make  some  experiments  respecting  the  transparency 
of  tissues.     The  depth  to  which  rays  of  light  penetrate  into  plant 
tissues  depends  on   the  one   hand   upon   the   intensity  and   the 
i^efrauffibility  of  the  light  rays,  and  on  the  other  upon  the  chemical 
character  of  the  constituent  parts  of  the  cells  themselves,  and  the 
anatomical   structure   of  the  tissues.     As   regards  this  last,  the 
presence  of  a  more  or  less  extensive  intercellular  system  inter  alia 
plays  an  important  part.     If,  e.g.^  many  intercellular  spaces  occur, 
the  incident  rays  will  be  obliged  to  pass  very  frequently  from  the 
cell  sap,  and  through  the  cell  walls  with  their  imbibed  water,  into 
air  and  this  naturally  will  greatly  diminish  the  transparency  of  a 
tissue.     The  significance  of  the  intercellular  spaces  in  this  respect 
will  at  once  be  manifest,  if  we  make  the  following  experiment.     A 
piece   of  Begonia  manicata  leaf  is  laid  in  water,  contained  in  a 
small  glass.     We   close   the   mouth   of  the  glass  with  a  rubber 
stopper,  through  which  has  been  passed  one  end  of  a  glass  tube 
bent  at  right  angles,  the  other  end  of  this  tube  being  connected 
with  an  air  pump.     On  exhausting,  air  escapes  from  the  inter- 
cellulai'  spaces ;  these  however  fill  with  water,  and  the  leaf  now 
appears  far  more  transparent  than  at  the  commencement  of  the 
experiment.    If  we  immerse  the  blade  of  a  leaf  of  Primula  sinensis 
in  water,  take  the  end  of  the  leaf-stalk  in  the  mouth,  and  remove 
air  from  the  intercellular  system  by  sucking,  water  penetrates  into 
the  intercellular  spaces  of  the  leaf  through  the  stomata,  and  the 
leaf  is  thereby  rendered  fairly  transparent. 

Cork  tissue,  owing  to  the  specific  nature  of  its  cell  contents,  is 
only  slightly  transparent.  Similarly  tissues  rich  in  chlorophyll 
absorb  much  light  owing  to  the  presence  of  the  pigment,  and 
transmit  only  comparatively  little.  Here  also  it  may  be  mentioned, 
although  we  shall  consider  the  matter  in  more  detail  later,  that 
the  chlorophyll  pigment  has  the  power  of  absorbing  very  ener- 
getically the  so-called  chemical  rays.  We  can  easily  prove  this  by 
laying  any  green  leaf  on  a  piece  of  photographic  paper,  and 
exposing  between  two  sheets  of  glass  to  the  influence  of  the  light. 
The  portion  of  the  paper  not  covered  by  the  leaf  rapidly  becomes 
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brown  ;  the  covered  parfc  loses  its  white  colour  only  slightly,  or 
not  at  all,  since  the  chlorophyll  pigment  absorbs  the  so-called 
chemical  rays  very  energetically. 

To  determine  the  depth  to  which  light  of  an  intensity  still  per- 
ceptible to  the  eye  penetrates  into  the  tissues,  we  use,  after  Sachs,^ 
the  simple  diaphanoscope  (Fig.  4).  This  consists  of  a  tube  a, 
60  mm.  long,  and  35  mm.  in  diameter,  made 
of  stout  cardboard.  This  tube  is  open  at 
one  end,  but  closed  at  the  other,  except  for 
a  small  opening  about  10  mm.  in  diameter- 
Over  this  end  of  the  tube  a  slips  an  exactly 
similar  cardboard  tube  h.  If  we  place  the 
object  under  investigation  between  the 
tubes,  hold  the  open  end  of  a  close  to  the 
eye,  directing  the  instrument  towards  the 
sun  or  a  bright  cloud,  we  can  investigate 
the  transparency  of  plant  tissues.  I  in- 
serted a  piece  of  Lonicera  tatarica  leaf  in 
the  diaphanoscope ;  the  light  transmitted 
was  bright  green.  Using  four  pieces  of 
leaf,  it  was  at  once  clearly  seen  t^hat  green  light  passed  through. 
With  six  pieces,  the  eye  perceived,  after  looking  into  the  apparatus 
for  some  time,  a  yellowish  glimmer. 

To  construct  an  analysing  diaphanoscope,  it  is  only  necessary  to 
slide  a  simple  diaphanoscope  over  the  front  end  of  the  tube  of  a 
suitable  spectroscope.  During  observation  we  direct  it  against 
bright  clouds  or  the  blue  sky.  I  placed  a  piece  of  Syringa  vulgaris 
leaf  in  the  diaphanoscope,  and  found  that  it  permitted  the  passage 
of  red,  orange,  yellow,  green,  and  some  blue,  though  certainly 
diminished  in  intensity  ;  the  more  refrangible  rays  were  completely 
absorbed.  Two  pieces  of  Syringa  leaf  only  transmitted  red,  orange, 
yellow,  and  green  very  much  weakened.  A  slab  of  tissue  17  mm. 
thick  from  the  parenchyma  oE  a  potato  tuber  absorbed  the  more 
refrangible  i-ays  completely,  but  transmitted  much  weakened  red, 
orange,  yellow,  green,  and  a  trace  pf  blue.  According  to  these 
observations,  then,  the  less  refrangible  rays  penetrate  further  into 
the  plant  tissues  than  those  of  high  refrangibility. 


Fie.  -L, — Diaphanoscope, 
in  longitudinal  section. 


^  Cf.  Saohs,  Sitzungsh.  d,  Akad.  d.  Wist  zu  Wien,  1860,  Bd.  43.    See  also 
Eogelmann,  Dotan,  Zeitung,  1867,  p.  393. 
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5.    The  Chlorophyll  Bodies. 

The  chlorophyll  bodies  are  to  be  regarded  as  organs  of  assimi- 
lation. Their  form  is  nsnallj  discoid ;  in  the  cells  of  many 
algae  chlorophyll  bodies  of  other  forms  occnr.  We  take  for 
example  a  few  threads  of  an  alga  which  frequently  occurs  in  stag- 
nant waters,  yiz.,  a  species  of  Zygnema,  place  them  on  the  slide 
in  a  drop  of  water,  cover  with  a  cover-glass,  and  examine  under 
a  magnification  of  about  500  diameters.  It  is  seen  that  each 
filament  is  made  up  of  a  row  of  cells,  and  that  in  each  cell 
there  are  present  two  green,  star-shaped  structures,  the  chloro- 
phyll bodies.  We  also  see  the  cell-nucleus  in  the  middle  of 
each  cell. 

The  various  kinds  of  Spirogyra  are  algse  which  mostly  occur 
in  stagnant  waters,  and  consist  of  unbranched  filaments  of  cells. 
In  each  cell  we  perceive  on  microscopic  examination  green  spiral 
bands,  varying  in  number  in  different  kinds,  which  constitute 
the  chlorophyll  bodies.  The  parietal  plasma  and  the  nucleus  sus- 
pended in  the  cell-sap  by  means  of  thin  plasmic  threads  are  often 
easy  to  observe.  It  may  further  be  noted  that  at  intervals  in  the 
bands  of  Spirogyra  are  embedded  spherical  colourless  structures, 
the  amylum  bodies,  which  enclose  a  pyrenoid  of  angular  contour 
composed  of  proteid  substances.  The  pyrenoide  are  surrounded 
by  numerous  small  starch  grains. 

Once  we  have  found  good  Spirogyra  material,  we  should  at- 
tempt to  cultivate  it,  since  it  is  required  for  many  physiological 
experiments.  It  is  best  to  proceed  according  to  the  method  of 
Strasbarger.  The  algae  are  transferred  to  vessels,  not  too  deep, 
containing  spring  water.  The  walls  of  the  vessels  must  either  be 
non*  transparent,  or  rendered  opaque  by  pasting  black  paper  over 
them.  We  expose  the  algae  to  bright  diffuse  daylight  (not  to 
direct  sunlight),  and  from  time  to  time  drop  into  the  water  small 
fragments  of  peat  which  have  been  boiled  and  then  soaked  in  the 
ordinary  food  solution  used  in  water  culture  experiments. 

Species  of  Cladophora,  algae  with  branched  filaments  rough  to 
the  touch,  are  frequently  present  both  in  standing  and  running 
waters.  The  lateral  branches  spring  from  the  upper  end  of  the 
cells.  Fairly  high  magnification  is  employed  for  further  investi- 
gation, and  it  then  appears  that  the  green  parietal  layer  of  the 
cells  is  composed  of  small  polygonal  structures  which  are  sepa- 
rated from  one  another  by  delicate  colourless  lines.     The  chloro- 
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phjll  bodies  of  Cladophora  are  already  much  like  those  of  higher 
plants. 

Mention  may  also  be  made  here  of  a  remarkable  organism 
which  is  met  with  in  pools,  clinging  to  the  submerged  parts  of 
plants.  I  refer  to  Hydra  viridis,  a  small  water  animalcule,  5-12 
mm.  in  length,  and  green  in  coloar.  If  we  transfer  the  Hydra  to 
a  drop  of  water,  and,  without  putting  on  a  cover-glass  for  fear  of 
iujuring  the  creature,  examine  it  under  the  microscope,  we  shall 
readily  make  out  that  it  is  a  sac-like  structure  composed  of  two 
layers,  the  ectoderm  and  the  endoderm,  that  at  the  anterior  end  it 
has  a  mouth  opening  (a  posterior  opening  is  wanting)  surrounded 
by  many  tentacles,  and  that  it  can  contract  itself  and  then  again 
stretch  out.  In  the  endoderm  of  the  cylindrical  body  of  the 
Hydra,  and  also  in  the  endoderm  of  the  tentacles,  we  observe 
numerous  green  globular  structures.  These  are  unicellular  algsa 
which  live  in  symbiotic  relation  with  Hydra  viridis.  The  Hydra 
affords  protection  to  the  algse  while  they  serve  the  Hydra  by  pro- 
viding it,  through  their  assimilatory  activity,  with  organic  sub- 
stance and  free  Oxygen. 

In  plant  houpes  in  which  ferns  are  cultivated  it  is  generally 
easy  to  find  on  moist  walls,  or  on  the  stems  of  tree  ferns,  fern 
prothallia,  small  green  mostly  heart-shaped  structures,  closely 
applied  to  the  substratum.  We  remove  some  with  the  forceps, 
and  after  rinsing  them  with  water,  examine  them  microscopically 
in  a  drop  of  water.  Except  along  the  middle  they  are  composed 
of  a  single  layer  of  cells ;  they  usually  have  a  notch  at  their 
anterior  end,  and  produce  on  their  lower  or  ventral  surface  fairly 
long  root  hairs.  For  our  present  purpose  it  is  specially  im- 
portant that  in  the  green  prothallium  cells  numerous  chlorophyll 
bodies  are  readily  seen. 

It  is  further  instructive  to  examine  under  the  microscope  a  leaf 
of  the  widely  distributed  moss  Funaria  hygrometrica.  For  reasons 
which  need  not  here  be  discussed,  we  select  plants  which  have 
been  exposed  for  some  time  to  diffuse  daylight,  and  find  that  the 
cells  of  the  leaf,  which  up  to  the  midrib  is  unilamellar,  contain 
many  large  chlorophyll  grains,  some  of  which  are  undergoing 
division. 

We  further  prepare  a  transverse  section  through  the  thallus  of 
Marchantia  polymorpha  (a  dichotomously  branching  liverwort, 
very  frequently  occurring  on  moist  soil).  Without  going  into  de- 
tails it  is  sufficient  here  for  us  to  determine  the  presence  on  the 
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,^,    >,,>     \    '^o  thtilJus  of  a  tissue  rich  in  chlorophyll.     Then 
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.  \,t;  iiviu  a  bml  of  Klodea  canadensiB  is  mounted  on  the 
..■,,v  ii  .-k  Jiv|.>  of  water  and  examined  microscopically,  we  shall 
>^„i  tMor  I*  short  search  ceils  which  present  the  relations  repre- 
v;.;i\l  m  Kij,'.  ^.  The  parietal  plasma,  the  noclens-containing 
n.ivA  ijt'  i>i\>[i.>[>lasiu,  and  the  protoplasmis  threads  proeeediog  from 
ho  tiiuer,  aiti  easy  to  see,  Freqnently  the  protoplasm  exhibits 
fairly  active  movements,  and 
in  the  plasma  the  chlorophyll 
bod  es  stand  oat  distinctly. 

If  the  ouf«r  layers  of  cells 
are  removed  from  the  lower 
a  de  of  an  Echeveria  leaf, 
and  we  examine  sections  of 
the  loose  tissue  lying  below, 
we  shall  perceive  in  the  nn- 
mjared  cells  larjfe  chloro- 
phyll grains,  which  are  par- 
t  enlarly  interesting,  inas- 
mnch  as,  when  examined 
nnder  fairly  high  niagnifica- 
lion  they  exhibit  compara- 
t  vely  well  a  foamy  strncture. 
We  may  assume  that  all 
chlorophyll  grains  possess 
finch  a  atrnetnre ;  it  is  bow- 
ever  by  no  means  a1  ways  easy 
to  make  out. 

Jf  Lnpin  seeds  are  germi- 
nated in  the  light,  the  cotyle- 
dons, appearing  above  ground,  assume  a  green  colonr.  Microscopic 
investigation  of  a  transverse  section  of  a  cotyledon  at  once  reveals 
the  epidermis,  the  gronnd  tissue,  and  the  vascalar  bundles,  and  in 
the  cells  of  the  gronnd  tissue,  especially  ia  the  peripheral  ones, 
are  to  be  recognised  many  relatively  large  chlorophyll  grains.^ 

It  is  of  importance  to  emphasize  here  the  fact  that  there  are 
many  plant  structni-es  which  do  not  appear  chlorophyll-green, 
but  which  still  contain  larger  or  small  quantities  of  chlorophyll, 
and  are  therefore  capable  of  assimilatory  activity.     We  pi'epare 
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transverse  sections  of  the  leaves  of  red-foliaged  varieties  of 
Corylus  or  Fagas.  In  the  cells  of  the  palisade  parenchyma  and 
of  the  spongy  parenchyma,  as  in  the  corresponding  parts  of  green 
leaves,  are  present  numerous  chlorophyll  grains,  but  the  epidermal 
cells  contain  red  or  violet-coloni*ed  cell  sap.  In  the  uninjured 
leaves,  therefore,  the  colour  of  the  chlorophyll  is  merely  masked 
by  the  pigment  present  in  the  epidermis.  The  young  leaves  of 
many  plants  {e,g,  of  oaks)  are  red,  the  leaves  not  becoming  green 
till  later.  The  mesophyll  of  the  young  leaves  contains  numerous 
chlorophyll  bodies,  as  we  may  satisfy  ourselves  by  studying 
transverse  sections,  but  in  the  cell  sap  of  the  cells  of  the  assimi- 
latory  tissue,  especially  of  the  palisade  parenchyma,  are  dissolved 
red  colouring  matters.  In  this  case  the  red  pigment  serves  to 
protect  the  young,  more  deeply  situated  green  cells  against  too 
intense  light. 

Neottia  Nidus  avis  is  an  Orchidaceous  plant  which  is  frequently 
met  with  in  the  humous  soil  of  damp  woods.  The  whole  plant 
is  brown  in  colour ;  it  appears  to  contain  no  chlorophyll,  a  trans- 
verse section  of  the  stem  from  a  place  about  6  cm.  below  the 
inflorescence  exhibits  clearly  on  microscopical  examination  the 
epidermis,  the  parenchyma  of  the  cortex  and  of  the  pith,  and 
between  these  a  cylinder  of  sclerenchyma,  together  with  the 
vascular  bundles ;  green  chlorophyll  bodies,  however,  are  nowhere 
to  be  found.  If  a  Neottia  plant  is  crushed  and  treated  with 
alcohol,  it  is  easy  to  obtain  a  chlorophyll-green  extract,  which 
fluoresces  also  in  a  manner  characteristic  of  a  chlorophyll  solution. 
In  fact,  Neottia,  as  Wiesner  ^  first  found,  contains  chlorophyll ; 
the  plant  can  therefore  assimilate,  and  itself  produce  from  in- 
organic material  a  portion  of  the  organic  substance  which  it 
requires,  at  the  same  time  it  is  true  obtaining  another  portion 
from  without.  For  further  information  we  make  the  following 
observation.  We  strip  a  fragment  of  epidermis  from  the  ovary 
of  a  Neottia  flower,  and  examine  it  under  high  magnification.  In 
the  neighbourhood  of  the  nucleus  of  the  cells  we  see  roundish  or 
spindle-shaped  pigment  corpuscles,  brown  in  colour,  which,  on 
treating  the  preparation  with  alcohol,  become  green.  Such 
chromatophores  we  also  find,  though  certainly  not  in  such  large 
numbers,  in  the  tissues  of  the  stem,  and  in  all  cases  we  have  to 
do  with  chromatophores  containing  a  brown  pigment  which,  under 
ordinary  circumstances,  completely  masks  their  green  colour. 

In  the  brown  Alga3  belonging  to  the  genus  Fucus,  the  colour  of 
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the  cLlorophjll  is  similarly  disguised  by  the  presence  of  a  brown 
pigment,  as  I  ascertained  as  follows.  I  collected  in  the  neighbonr- 
hood  of  Cuxhaven  a  quantity  of  Facus  vesicalosas,  packed  it  well 
so  as  to  keep  it  fresh,  and  carried  out  the  actaal  investigation  on 
the  next  day.  The  yonnger  parts  of  the  plants  were  cut  off  and 
boiled  for  a  short  time  in  water.  After  pouring  off  the  brown 
liquor  the  tissue  of  the  algaB  appeared  green.*  I  now  rinsed 
them  with  cold  water,  and  treated  them  with  alcohol.  This 
quickly  assumed  a  yellowish  green  colour;  it  was  poured  off  and 
replaced  by  fresh  alcohol.  In  this  way  we  obtain  a  splendid 
green  chlorophyll  solution,  which  is  highly  fluorescent.' 

We  treat  with  alcohol  for  some  time,  leaves  from  the  bud  of 
Elodea,  leaves  of  Funaria  hygrometrica,  or  fern  prothallia  (the 
two  last  are  specially  to  be  recommended  for  our  purpose).  The 
objects  become  colourless,  and,  on  microscopic  examination,  we 
perceive  in  the  cells  the  protoplasmic  matrix  of  the  chlorophyll 
bodies  freed  from  pigment.  If  we  treat  the  preparations  with 
a  drop  of  a  dilute  aqueous  solution  of  methyl  violet,  the  de- 
colourized chlorophyll  corpuscles  become  deeply  stained. 


^  On  the  yarious  relations  here    mentioned,   see    Strasbarger's  Practical 
Botany  (Uillhouse). 
'  See  Wiesner,  PriDgsbeim's  JahrbUeJieTf  Bd.  8,  p.  575. 
3  See  Hansen,  Arbtiten  d,  bot.  Imtituts  in  Wiirzburg^  Bd.  2,  p.  289. 

6.    CMorophyll. 

In  recent  years  numerous  attempts  have  been  made,  notably  by 
Sachsse,  Hansen  and  Tschirch,  to  isolate  chlorophyll  in  a  pure 
condition  from  green  plant  structures.  These  researches,  as  also 
the  earlier  ones  of  G.  Kraus,^  have  shown  that  chlorophyll  is  a 
mixture  of  two  pigments,  viz.,  a  blue-green  one,  cyanophyll,  and 
a  yellow  one,  xanthophyll.  We  shall  not  however  here  go  into 
the  details  of  the  recent  work,  because  the  results  still  have  more 
of  a  phyto-chemical  than  a  physiological  interest;  and  further, 
because  the  methods  to  be  employed  for  isolating  more  or  less 
pure  chlorophyll  preparations  are  of  a  highly  complicated  nature, 
and  very  tedious.  We  must,  however,  consider  carefully  the 
investigations  of  G.  Kraus. 

*  The  brown  pigment  mentioned  is  named  pbycophesin.  The  red  pigment, 
soluble  in  water,  which,  together  with  chlorophyll,  the  FloridefB  contain,  is 
termed  phycoerjthrin.  The  blue-green  fission  algse  contain,  in  addition  to 
chlorophyll,  phycooyan. 
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So-called  crude  chlorophyll  solatioas  we  caa  altitnately  obtain 
from  any  green  plant  stmctui-es ;  but  in  order  to  get  a  relatively 
pure  extract,  it  is  suitable  to  employ  young  wheat  plants,  or 
Elodea  plants.  We  cut  off  the  aerial  parts  of  young  wheat  plants 
which  have  developed,  say,  six  leaves,  or  we  collect  a  moderate 
quantity  of  fresh  Elodea  plants,  place  the  material  (say  100-150 
gr.  of  fresh  substance)  in  a  porcelain  dish,  and  boil  it  for  some 
time  (j-^  hour)  with  distilled  water  on  the  water-bath.  The 
liquor  is  poured  ofF,  the  residue  is  washed  several  times  with 
distilled  water,  and  then,  after  being  squeezed,  is  treated  in  a  large 
flask  with  |  to  1  litre  of  95  per  cent,  alcohol.  The  extraction 
proceeds  pretty  quickly,  especially  if  we  gently  warm  the  flask. 
It  is  necessary  to  prepare  the  extract  in  the  dark,  since  chloro- 
phyll, as  we  shall  see  later,  is  very  readily  decomposed  under  the 
influence  of  light.  The  solution  obtained  has  a  splendid  green 
colour. 

Chlorophyll,  as  associated  in  the  plant  cells  with  a  protoplasmic 
matrix,  must  on  no  account  be  regarded  as  a  single  chemical 
individual ;  it  is  a  mixture  of  two  pigments,  yellow  xanthophyll 
and  blue-green  cyanophyll,  as  we  may  readily  prove  by  the 
following  experiment. 

Into  a  glass  cylinder  we  pour  a  very  concentrated  alcoholic 
solution  of  chlorophyll,  add  water  drop  by  drop,  but  not  sufficient 
to  produce  any  turbidity,  treat  with  benzol,  shake  well,  and  let 
stand.  The  mixture  rapidly  separates  into  a  lower  alcoholic 
golden  yellow  solution  of  xanthophyll,  and  an  upper  blue-green 
solution  of  cyanophyll  in  benzol.  The  yellow  pigment  is  more 
readily  soluble  in  alcohol  than  in  benzol,  the  blue-green  one  more 
readily  soluble  in  benzol  than  in  alcohol,  and  hence  the  separation 
of  the  two  pigments. 

In  the  cells  of  plant  stractures  grown  in  the  dark,  and  there- 
fore yellow  in  colour,  occur  large  quantities  of  etiolin  grains 
(see  10).  These  consist  of  a  protoplasmic  matrix  and  a  yellow 
pigpnent,  which  we  can  isolate  by  extracting  with  alcohol  wheat 
or  barley  seedlings,  e.g.,  etiolated  by  growth  in  the  dark.  The 
extract  has  a  beautiful  yellow  colour.  We  obtain  the  necessary 
plant  material  by  sowing  soaked  wheat  or  barley  grains  on  moist 
sawdust,  and  cultivating  the  young  seedlings  for  about  eight  days 
in  the  dark. 


^  G.  Erans,  Zur  Kenntniss  der  Chlorophyllfarbstoffe,    Stuttgart,  1872. 
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7.    The  Absorption  Spectrum  and  the  Fluorescence  of 

Chlorophyll. 

To  investigate  the  absorption  spectrum  of  chlorophyll,  we 
require  a  suitable  spectroscope.  According  to  circumstances  we 
may  use  Bunsen's  specti*al  apparatus,  a  dii'ect  vision  spectroscope, 
a  pocket  spectroscope,  or  a  micix)-spectral  apparatus,  to  be  used  in 
combination  with  a  microscope.  The  micro-spectral  apparatus, 
with  scale  tube  and  comparison  prism,  is  to  be  obtained  of  excel- 
lent quality  from  Zeiss,  of  Jena,  or  from  Seibert  <fe  Krafft,  Wetzlar. 
The  other  instruments  named  are  supplied,  e.gr.,  by  R.  Muencke, 
Berlin,  Luissenstrasse  58,  and  Geissler  Nachf,  in  Bonn.  An  exact 
description  of  all  the  instruments  would  carry  us  too  far.  Detailed 
information  maybe  found, e.gr., in  Miiller's  Lehrbuch  der  Fhysik  uiid 
Meteorohgie,  1879,  Bd.  II.,  First  pt.,  p.  206. 

According  to  my  own  experience,  it  is  most  convenient  to  work 
with  direct-vision  spectroscopes.  In  investigations  intended  to 
determine  exactly  the  position  of  the  absorption  bands,  it  is  best 
to  select  instruments  provided  with  scales,  not  graduated  arbi- 
trarily, but  according  to  wave  lengths.  The  exact  focussing  of 
the  scale  can  then  be  effected  in  the  simplest  manner  by  means  of 
the  Frauenhofer's  lines. 

Considering  first  the  micro-spectral  apparatus  represented  in 
Fig.  6 — as  supplied  by  Seibert  &  Ki-afFt,  Wetzlar — it  is  to  be  noted 
that  t  represents  the  drum  containing  the  slit  and  comparison 
prism.  The  screw  d  serves  to  narrow  the  slit,  and  the  screw  K 
to  shorten  it ;  /  is  the  ocular  tube,  o  the  screw  for  focussing  the 
slit  to  the  eye  of  the  observer ;  in  the  tube  rr  are  the  prisms, 
«  is  a  mirror  for  conveying  light  to  the  comparison  prism  when 
it  is  inserted  ;  pp  is  a  perforated  plate  fixed  at  the  side  of  the 
drum  t,  and  provided  with  spring  clamps.  To  obtain  a  com- 
parison spectrum,  the  requisite  substance  is  placed  immediately  in 
front  of  the  hole  in  the  plate  pp.  We  shall  not  here  describe 
the  adjustment  of  the  measuring  apparatus,  which  may  be  attached 
laterally  to  the  top  of  the  spectroscope.  The  student  is  referred 
to  Behren's  Hilfsbuch  hei  mikroscopischen  Untersuchungeny  1883, 
p.  121. 

If  we  desire  to  investigate  chlorophyll  solutions,  we  prepare 
them  in  the  manner  described  in  6.  Here  again  we  shall  only 
experiment  with  the  ordinary  alcoholic  crude  chlorophyll  solution, 
leaving  out  of  account  other  chlorophyll  preparations,  which  are 
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tronblesomc  to  make. 
The  fresh  solution, 
prepared  in  the  dark, 
is  poDred  into  Rmall 
glass  bottles  njth  par- 
allel plane  walls,  and 
tightly- fitting  stoppers, 
which  may  be  ob- 
tained  from  Mneucke. 
Berlin.  These  bottles 
arc  simply  placed  on 
the  singe  of  the  micro- 
scope, and  we  then 
study  the  Rpectram. 
The  chlorophyll  spec- 
trum exhibits  seven 
absorption  bands,  as 
represented  in  Fig.  8. 
In  particular,  the  band 
in  the  red  is  very 
characteristic,  and  can 
still  be  seen  even  with 
very  dilate  eolations. 
If  we  ase  fairly  con- 
centrated solations,  the 
bands  I,-IV.  still  stand 
ont  distinctly,  but  the 
bands  V.,  VI.,  and 
VII.  are  merged  into  a 
single  end  absorption. 
To  see  them,  also,  we 
must  work  with  moi'e 
dilate  solutions,  and 
employ  direct  sunlight. 
The  results  of  the  ob- 
servations are  to  be 
noted  on  a  scale  on 
which  the  position  of 
the  Franenbofer's  lines 
is  indicated.     In  exact 


— MiciDBCOpe  nilta  cc 


24  PHYSIOLOGY  OF  NUTRITION. 

make  use  of  the  measaring  apparatus,  which  can  be  illuminated 
bj  means  of  the  mirror  attached  to  it.  The  comparison  prism  is 
more  particularly  of  service  when  it  is  required  to  compare  the 
known  spectrum  of  one  body  with  the  not  yet  investigated 
spectrum  of  another.  If,  viz.,  we  insert  the  comparison  prism 
and  illuminate  it  well,  we  shall  perceive  two  spectra  situated  one 
above  the  other,  and  only  separated  by  a  fine  blaok  line.  When 
the  substances  which  we  are  investigating  are  identical,  and  also 
in  the  same  state  of  concentration,  the  bands  of  absorption  of 
the  lower  spectrum  fall  accurately  on  the  prolongations  of  the 
bands  of  the  upper. 

If  it  is  required  to  investigate  thin  sections  of  tissue,  or  even, 
e.^.,  single  chlorophyll  grains  with  the  micro-spectral  apparatus, 
they  are  placed  on  the  slide  in  a  drop  of  water  or  glycerine,  and 
covered  as  usual  with  a  cover-glass.  To  focus  the  preparation, 
we  remove  the  tube  carrying  the  prisms,  and  open  the  slit  as  little 
as  possible.  In  studying  many  chlorophyll-containing  objects  (I 
experimented,  e.gr.,  with  filaments  of  Cladophora),  we  perceive 
only  band  I.  in  the  red,  and  a  continuous  end  absorption  formed 
by  the  fusion  of  bands  V.,  VI.,  and  VII. ";  the  bands  II.,  III.,  and 
IV.  do  not  in  general  appear. 

In  investigating  entire  leaves  we  simply  lay  them  on  the  object 
stage  and  use  a  low  objective.  If  we  illuminate  our  object  by 
letting  diffuse  daylight  or  gaslight  fall  on  the  mirror  of  the  micro- 
scope, only  the  bands  I.,  11.  and  III.  of  the  chlorophyll  spectrum 
are  visible.  With  direct  sunlight,  bands  IV.  and  V.  also  appear, 
while  bands  VI.  and  VII.,  on  account  of  the  strong  end  absorp- 
tion, can  frequently  not  be  distinctly  made  out.  That  the  bands 
I.-V.  observed  actually  correspond  with  bands  I.-V.  of  the  chloro- 
phyll spectrum,  may  be  pi-oved  by  employing  the  comparison 
prism,  which  receives  light  from  a  special  mirror,  and  with  its  help 
observing  simultaneously  the  spectrum  of  a  leaf,  and  that  of  an 
alcoholic  solution  of  chlorophyll.  Almost  exact  coincidence  is  then 
found  in  the  position  of  the  absorption  bands  of  the  two  objects  ; 
the  bands  of  the  spectrum  of  the  solution,  as  compared  with  those 
of  the  leaf  spectrum,  are  merely  displaced  somewhat  towards  the 
violet,  a  phenomenon  which  is  caused  by  the  solvent  (alcohol) 
used. 

To  investigate  chlorophyll  solutions  by  means  of  pocket  spectro- 
scopes, Bunsen*s  apparatus,  or  the  direct  vision  spectroscopes  of 
Hofmann  or  Steinheil,  we  pour  the  solutions  into  glasses  with 
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parallel  walls,  snch  as  are  to  be  obtained,  e.g.,  from  Maencke, 
Berlin  (see  Fig.  7)  ;  or  what  is  best,  tmnsfer  them  to  a  heemoscope 
(to  be  obtained  of  Desaga,  in  Heidelberg),  so  as  to  be  able  to 
examine  in  rapid  saccession  layers  of  flaid  of  different  thicknesses. 
If  a  gas  or  petroleom  flame  is  used  as  the  source  of  light,  it  fre- 
qoentlj  happens  that  we  can  only  make  oat  distinctly  bands  I.  and 
TI.,  or  these  together  with  band  III.*  Accurate  spectroscopic  in- 
vestigation of  chlorophyll  can  be  made  in  direct  sunlight.  The 
spectroscope  is  placed  in  a  dark  room.  The  light  enters  through 
an  opening  in  the  window  shutters,  in  front  of  which,  in  order  to 
keep  the  direction  of  the  rays  of  light  constant,  is  placed  a  helio- 
stat,  whose  mirror  may  be  moved  by  hand,  or  better,  rotated  by 
means  of  clockwork.  Good  heliostats  are  supplied  by  Ehrhardt 
&  Metzger,  Darmstadt.  In  the  dark  room 
the  walls,  floor,  ceiling,  window  shutters, 
tables,  etc.,  are  to  be  painted  dull  black. 
The  absorption  bands  in  the  more  strongly 
refrangible  part  of  the  chlorophyll  spec- 
trum are  only  to  be  seen  clearly  separated 
from  one  another  when  we  experiment 
with  comparatively  dilute  solutions.  The 
results  are  to  be  noted  down  in  accordance 
with  the  observations  made  with  the  help 
of  the  scale  of  the  spectroscope.^ 

It  has  been  indicated  in  6  that  normal 
green  chlorophyll  is  a  mixture  of  two 
colouring  matters — xanthophyll  and  cy- 
anophyll.  The  method  to  be  employed 
for  separating  these  two  colouring  matters 
from  one  another  has  also  already  been 
descHbed.  The  solution  of  the  yellow 
xanthophyll  (at  least  the  dilute  solution) 
exhibits  on  spectroscopic  examination 
only  three  absoi*ption  bands,  all  situated  in  the  blue  and  violet. 

*  Very  bright  spectra  are  also  given  by  the  pocket  spectroscopes  of  Browning, 
which  are  to  be  obtained,  provided  with  scale,  from  Schmidt  &  Hansch,  in 
Berlin.  As  a  source  of  light  we  may  nse  an  Argand  burner  with  a  tin  chimney. 
These  spectroscopes  are  now  frequently  employed  for  studying  the  absorption 
spectrum  of  chlorophyll  solutions.  It  is  possible,  viz.  with  these,  to  determine 
quite  accurately  the  position  of  the  bands  I.>IV.  See  Wegscheider,  Ber.  d. 
Deutseh  botan,  GeselUcfiaftf  Bd.  2  ;  and  Vogel,  Praktische  Spectralaualyse^  Nord- 
lingen,  1877. 


Fio.  7. — Glass  vessel  with 
parallel  walls  for  the  recep- 
tion of  fluids  to  be  examined 
spefitroscopically. 
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The  bine-green  cyanophyll  has  seven  absorption  bands— I,  in  the 
red,  II,  in  the  orange,  III.  in  the  yellow,  IV.  in  the  green,  V., 
VI.  ftnd  VII.  in  the  bine  and  violet. 

When   we  observe  concentrated   solations   of  chlorophyll    by 
reflected  light,  they  are  seen  to  have  a  red  colonr.    The  red  colonp 
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coticentrsteil  lolution.  ixi  tbc  mors  refrari)tlb1e  portiuni  ae  from  ■  dfluM  »1utlon.    The 
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of  the  Bolntion  of  chlorophyll  by  reflected  light  is  shown  etill 
moi'e  distinctly  and  beautifally  when  we  throw  a  beam  of  light 
on  the  surface  of  the  solution  by  means  of  a  biconvex  lens. 
Chlorophyll  flaoresces  with  red  light,  as  can  thus  easily  be 
determined. 


'  See  KmoB,  Ziir  Kenntaiit  dtr  CMnrophyllfarbiioff'e,  1872  ;  Piiugsheim, 
MoNnUbtr,  d.  Btrlintr  Akadtmii,  1874  and  1875,  and  SiiiaByiber.  d.  Btrliner 
Akademie,  1836 ;  Hsnieu,  Arbeilen  d.  batan.  IttstUuU  in  Ifilrzburg,  Bd.  3,  E.  1 ; 
Tschircli,  Berichtt  d.  Deutickm  bolan.  QmelUchaft,  Bd.  1. 
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8.    The  Decomposition  of  Chlorophyll. 

We  place  vigorous  pot  plants  of  TropeBolam  majas  in  the 
dark,  e.g,^  in  a  capboard.  If  the  temperatare  is  not  too  low,  the 
leaves  will  already  have  expenenced  striking  colour  changes  at 
the  end  of  eight  days.  The  older  leaves,  although  still  jnicy,  look 
yellow,  while  the  younger  are  spotted,  and  the  youngest  are  still 
quite  green.  The  absence  of  light,  as  is  shown  by  microscopical 
investigation  of  thin  sections  from  the  mesophyll  of  the  Tropw- 
olum  leaves,  has  had  an  important  influence  on  the  chlorophyll 
grains.  They  have  lost  in  size,  and  in  place  of  the  green  pig- 
ment only  a  yellow  one  is  now  present.^  If  filaments  of  Spiro^yi-a 
are  for  a  long  time  (in  my  experiments  for  five  or  eight  davs, 
temperature  15-20°C)  exposed  in  a  glass  containing  some  water 
to  continuous  darkness,  the  chlorophyll  bodies  undergo  considerable 
changes.  In  many  cells  certainly  green  spiral  bands  are  still 
present,  in  others,  however,  a  breaking  ^up  of  the  chlorophyll 
bodies  into  irregular  balls  has  already  set  in,  the  disorganisation 
being  associated  with  a  change  in  the  colour  of  the  pigment. 

The  chlorophyll  in  the  cells  also  undergoes  profound  decomposi- 
tions when  brought  in  contact  with  acids.  We  lay  filaments  of 
Spirogyra  or  Zygnema  (I  used  the  latter  with  special  success)  in 
a  mixture  of  1  part  of  concentrated  Hydrochloric  acid^  and  4  parts 
of  water.  The  chlorophyll  changes  colour,  and  after  some  time 
(sometimes  not  for  twenty  hours)  there  appear  in  the  chlorophyll 
bodies,  especially  at  their  edges,  brownish  or  rust-coloured  masses, 
decomposition  products,  due  to  the  action  of  the  Hydrochloric 
acid  (Hypochlorin  reaction)  .*- 

A  crude  chlorophyll  solution  (prepared  by  treating  green  plant 
structures  with  alcohol)  similarly  undergoes  essential  changes 
when  treated  with  acids.  If,  e.g.^  we  treat  such  a  solution  with 
very  dilute  Nitric  or  Hydrochloric  acid,  its  beautiful  green  colour 
is  at  once  lost,  and  it  assumes  a  brownish  hue. 

The  crude  alcoholic  solution  of  chlorophyll  of  course  contains, 
besides  chlorophyll  itself,  a  whole  series  of  other  substances,  but 
we  may  nevertheless  conveniently  make  use  of  it  to  prove  that 
chlorophyll  is  highly  sensitive  to  light.  In  the  dark  an  alcoholic 
solution  of  chlorophyll  remains  unchanged  for  a  long  time ;  it 
only  very  gradually  changes  in  colour.  Diffuse  light  does  not  act 
very  rapidly  on  a  crude  chlorophyll  solution,  but  direct  sunlight 
does ;  in  direct  sunlight  such  a  solution  very  distinctly  changes 
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colour  in  half  an  hour.  It  is  also  very  instructive  to  investigate 
the  influence  of  rays  of  different  refrangibilitj  on  crude  chloro- 
phyll solutions.  This  is  the  first  time  we  have  been  confronted 
with  experiments  on  the  influence  of  rays  differing  in  refrangi- 
bility;  and  hence  the  method  of  procedure,  of  which  we  shall 
later  have  to  avail  ourselves  frequently,  must  be  described  in 
detail. 

An  almost  concentrated  solution  of  Potassium  bichromate,  in 
not  too  thick  layers,  transmits  red,  orange,  yellow,  and  a  part  of 
the  green,  almost   undiminished   in  intensity.      An  ammoniacal 


Fie.  9.— Double-walled  bell  glass  to  re- 
ceive  colonred  rluids,  represented  in  longi' 
tudinal  section. 


Fio.  10.— -Glass  bottle  with  parallel  walls 
for  the  reception  of  coloured  fluids. 


solution  of  Copper  oxide  (prepared  by  dissolving  Copper  sulphate 
in  water  and  adding  excess  of  ammonia)  absorbs  the  rays  which 
the  Potassium  bichromate  transmits,  but  does  not  arrest  the 
remainder,  viz.,  part  of  the  greefl,  the  blue,  indigo  and  violet. 
With  these  two  solutions,  therefore,  we  are  in  a  position  to  decom- 
pose white  light  almost  exactly  into  a  more  refrangible  and  a  less 
refrangible  half.  To  receive  the  coloured  solutions  we  use  very 
commonly  double- walled  bell-glasses  (see  Fig.  9).*  The  space 
between  the  two  glass  walls,  and  therefore  also  the  thickness  of 
the  layer  of  coloured  fluid,  is  generally  about  1  cm.     To  prevent 

*  Saoh  bell-glasses  are  to  be  obtained  of  Desaga,  in  Heidelberg. 
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the  entrance  of  mixed  white  light  it  is  convenient  to  place  the 
bell-glasses  on  plat/CS  containing  sand.  The  research  material 
placed  nnder  them  then  receives  only  mixed  yellow,  or  mixed  bine, 
light.  I  also  frequently  used  in  experiments  on  the  influence  on 
physiological  processes  of  rays  differing  in  refrangibility,  card- 
board boxes  pasted  inside  and  outside  with  dull  black  paper, 
having  for  the  back  wall  a  well-fitting  lid,  while  the  front  one  is 
provided  with  a  large  hole.  In  front  of  this  hole  are  fixed,  in  a 
suitable  manner,  glass  bottles  with  parallel  walls,  which  contain 
the  coloured  fluids  (see  Fig.  10).  The  solutions  of  Potassium 
bichromate,  and  ammoniacal  Copper  oxide  contained  in  the 
double- walled  bell-glasses,  or  in  the  bottles  just  mentioned,  are 
submitted  to  spectroscopic  examination,  the  tube  of  the  spectro- 
scope being  introduced  into  the  bell  in  the  one  case,  the  bottle 
being  brought  close  up  to  the  slit  of  the  spectroscope  in  the  other. 
The  solutions  must  be  of  such  strength  as  in  the  one  case  to  allow 
only  the  less  refrangible  rays,  as  above  indicated,  to  pass ;  in  the 
other,  only  the  more  refrangible  rays. 

If  now  crude  chlorophyll  solutions  are  exposed  to  the  influence 
of  mixed  yellow  and  mixed  blue  light  (direct  sunlight),  it  is 
found  that  the  less  refrangible  rays  bring  about  the  decomposition 
(change  of  colour)  of  the  chlorophyll  far  more  rapidly  than  the 
more  refrangible  rays.  The  so-called  chemical  rays,  therefore, 
%.e,  those  which  are  able  to  decompose  Silver  chloride,  participate 
only  in  a  subordinate  degree  in  the  decomposition  of  chlorophyll, 
since  the  mixed  blue  light  is  rich  in  these  chemical  rays,  while 
the  mixed  yellow  light  is  poor  in  them,  as  we  may  readily 
ascertain  by  exposing  photographic  paper  to  the  two  kinds  of 
light.* 


*  See   Sachs,  Bntan,  Zeitung^  1864,  p.   38. 
'  See  Pringsheim's  JahrbUcher,  Bd.  12. 

^  For  farther   literature,    see    Detmer,    Zehrbuch   d,   Pflanzenphysiologif, 
1883,  p.  18. 


9.  The  Autumnal  Colouring  of  Leaves,  and  the  Winter  Colour- 
ing of  Persistent  Plant  Structures. 

Many  leaves  turn  red  in  autumn  before  falling.  This  pheno- 
menon may  be  particularly  well  studied  in  the  leaves  of  species 
of  Khus,  as  also  in  those  of  Cornus  sanguinea  and  Ampelopsis 
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hederacea.  The  leaves  named  exhibit  the  red  coloration  mainly 
on  their  upper  surface,  and  microscopic  investigation  of  deUcate 
transverse  sections  teaches  us  in  fact  that  it  is  particularly  in  the 
cells  of  the  palisade  parenchyma  that  the  red  pigment  is  contained. 
The  pigment  is  dissolved  in  the  cell-sap.  The  epidermal  cells 
contain  no  pigment.  In  the  autumnal  yellowing  of  leaves  the 
*  disorganising  chlorophyll  grains  assume  a  yellowish  colour,  as  can 
be  determined  for  example  by  investigating  maple  leaves  in 
autumn.  As  the  change  in -colour  of  the  leaves  advances,  the 
protoplasm  and  chlorophyll  grains  gradually  dissolve  ;  their  sub- 
stance passes  over  into  the  persistent  structures  of  the  plant,  and 
finally  there  only  remains  in  the  cells  xanthophyll  in  the  form  of 
small  shining  granules.  Some  leaves,  e.g.^  those  of  oaks,  turn 
brown  in  autumn,  a  phenomenon  which  is  to  be  referred  to  a 
browning  of  the  cell-membranes  as  well  as  of  the  cell -con  tents. 

The  colour  changes  taking  place  in  structures  which  last  over 
the  winter  are  also  interesting.  When  the  first  frosts  have  set  in, 
in  autumn  or  winter,  we  observe  that  the  surface  of  twigs  of 
Thuja  oriental  is  which  is  exposed  to  the  light  has  assumed  a 
brown  colour.^  This  is  due  to  a  partial  decomposition  of  the 
chlorophyll  and  the  appearance  of  red  pigments  in  the  chlorophyll 
grains.  If  such  brown  Thuja  twigs  are  brought  into  a  warm 
room  the  red  pigment  disappears,  and  the  twigs  grow  green  again. 
Access  of  light  is  not  necessary.  Browned  Thuja  twigs  which  I 
kept  in  the  dark  at  a  temperature  of  15-20°  C.  had  already  become 
green  again  at  the  end  of  eight  days. 

The  winter  reddening  of  persistent  plant  structures  is  to  be 
referred  to  the  formation  of  a  red  pigment  soluble  in  the  cell-sap, 
the  chlorophyll  grains  remaining  intact,  and  at  most  undergoing 
changes  of  position  in  the  cells.  If  we  examine  in  winter  trans- 
verse sections  of  the  leaves  of  Mahonia  aquifolium,  it  is  found 
that  in  particular  the  cells  of  the  beautifully  developed  palisade 
parenchyma  contain  red  pigment.^ 


^  A  detailed  account  of  the  anatomical  stractare  of  twigs  of  Thuja  (Th. 
occidentalis,  however,  not  Th.  orientalis)  by  Frank  will  be  found  in  Pringsheim's 
Jahrbilcher^  Bd.  9,  p.  159. 

'  On  the  winter  colouring  of  persistent  plant  structures  consult  H.  v.  Mohl, 
VerviUchte  Schriften,  p.  376,  and  G.  Haberlandt,  SiUungsberichte  d.  Akad,  d. 
Wist,  zu  Wien,  Bd.  72,  Abth.  1,  Aprilheft. 
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10.    The  Formation  of  Chlorophyll. 

A  few  seeds  of  Lupinus  are  germinated  in  darkness,  e.g.,  in  a 
cupboard,  in  garden  soil  *  contained  in  flower-pots.  It  is  bj  no 
means  perfectly  easy  to  make  a  place  in  which  almost  absolute 
darkness  prevails,  and  if  we  wish  to  cultivate  plants  in  absence 
of  light,  this  must  not  be  lost  sight  of.  It  is  however  sufficient 
for  our  purpose  here  to  place  the  flower- pots  in  the  cupboard,  under 
an  opaque  cardboard  receiver,  and  carefully  plug  the  keyhole  of 
tbe  cupboard. 

The  hypocotyl  and  the  cotyledons  soon  appear  above  ground,  if 
the  conditions  of  germination  are  moderately  favourable.  The 
cotyledons  however  are  not  green  like  those  of  Lupin  seedlings 
grown  in  the  light,  they  are  yellow  in  colour.  If  we  examine 
transverse  sections  of  the  cotyledons  under  the  microscope,  we 
see  clearly  the  epidermis,  the  vascular  bundles,  and  the  leaf 
parenchyma.  The  cells  of  the  last,  especially  the  more  peripheral 
ones,  contain,  besides  other  constituents,  small  yellow  granules,  the 
etiolin  grains.  If  the  seedlings  raised  in  the  dark  are  exposed  to 
the  light,  they  soon  become  green,  and  we  now  find  chlorophyll 
grains  in  the  cells  of  the  leaf  parenchyma.  These  are  developed, 
under  the  influence  of  the  light,  from  the  etiolin  grains,  from 
which  they  differ  not  only  in  their  green  colour  but  also  in  their 
greater  size.  If  seedlings  of  Phaseolus  or  Pisum  are  developed 
in  darkness,  they  produce  long  white  stems  and  small  yellow 
leaves.  I  found  that  the  leaves  of  pea  seedlings,  brought  into  the 
light  after  forming  several  internodes  in  darkness,  did  not  all 
become  green.  The  younger  leaves  certainly  formed  chlorophyll. 
The  oldest  ones,  however,  remained  yellow. 

Most  plants  form  normal  green  chlorophyll  only  in  access  of 
light ;  some  however  become  green  even  in  the  dark.  If,  e.g., 
seeds  of  Pinus  sylvestris  are  sown  in  garden  soil,  and  germinated 
in  absence  of  light  (germination  proceeds  comparatively  slowly), 
,the  root  first  breaks  forth.  Then  the  hypocotyl  extends,  at  first 
however  appearing  with  a  knee  bend,  since  the  cotyledons  still 
remain  in  the  seed.      Finally  the  cotyledons    emerge  from   the 

*  It  may  here  once  for  all  be  remarked  that  for  calture  experiments  it  is 
generally  best  to  employ  the  dark,  very  burnous  soil  used  for  greenhouse  plants. 
The  soil  is  just  so  much  moistened  that  it  can  still  be  broken  down  between 
the  hands  into  a  finely  crumbled  mass,  which  is  then  thrown  on  to  a  sieve  with 
meshes  1'5  mm.  square,  and  riddled  into  the  culture  vessels. 
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ground,  the  hypocotjl  then  sti'aightens,  and  germination  is 
complete.  The  especially  striking  fact  is  that  the  cotyledons 
are  green.  I  have  frequently  convinced  myself  that  this  greening 
of  the  Finns  cotyledons  takes  place  in  a  dark  space  in  ivhich 
wheat  seedlings  do  not  grow  green,  but  only  develop  a  yellow 
plumule. 

Seedlings  of  monocotyledons  and  dicotyledons  (Phaseolus,  Pisum, 
Raphanus,  Triticum,  Zea,  etc.)  grown  in  the  dark,  not  only  grow 
green  when  exposed  to  comparatively  bright  light ;  the  formation 
of  chlorophyll  also  takes  place  even  in  greatly  weakened  light,  as 
we  can  readily  ascertain  by  placing  the  objects  at  the  back  of  a 
room,  and  here  suitably  screening  them.  We  may  further  cause 
plants  to  become  green  by  artificial  light.  Thus,  for  example,  I 
placed  wheat  seedlings  grown  in  the  dark,  and  with  plumules 
2-3  cm.  long,  at  a  distance  of  15  cm.  from  the  flame  of  a  petroleum 
lamp.  The  seedlings  were  in  a  crystallising  glass  with  a  little 
water.  They  became  distinctly  green,  when  thus  illuminated  by 
the  light  from  the  lamp,  in  a  few  hours  ;  control  plants,  which 
were  kept  in  the  dark,  did  not  become  green. 

It  is  further  instructive  to  study  the  influence  on  chlorophyll 
formation  of  rays  differing  in  refrangibility.  For  this  purpose 
wheat  seedlings,  for  example,  raised  in  the  dark,  and  with  plumules 
about  2  cm.  long,  are  placed  in  small  glass  dishes  with  a  little 
water.  These,  or  even  small  flower-pots,  filled  with  soil,  in  which 
the  seedlings  have  been  raised,  are  now  placed  under  double-walled 
bell-glasses,  one  of  which  is  filled  with  a  solution  of  Potassium 
bichromate,  while  the  other  contains  an  ammoniacal  solution  of 
Copper  oxide  (see  8).  We  can  easily  ascertain,  by  placing  under  the 
bells  at  the  same  time  strips  of  photographic  paper,  that  the  mixed 
yellow  light  is  almost  completely  free  from  the  so-called  chemical 
rays,  while  the  light  transmitted  by  the  ammoniacal  Copper  oxide 
solution  very  rapidly  brings  about  the  decomposition  of  the  Silver 
chloride.  Having  in  the  morning  of  a  cloudy  November  day 
placed  the  apparatus  at  a  distance  of  5  m.  from  the  window,  in  a 
room  with  a  south  aspect,  at  a  temperature  of  about  20°  C,  I 
found  at  the  end  of  twenty-four  hours  that  the  plumules  of  the 
seedlings  under  the  inflaence  of  the  mixed  yellow  light  had  become 
thoroughly  gi»een,  while  those  which  had  been  exposed  to  the 
action  of  the  mixed  blue  light  had  a  plumule  light  green  in  colour. 
If,  on  the  other  hand,  we  expose  the  apparatus  to  direct  sunlight, 
the  greening  takes  place  more  rapidly  in  the  mixed  blue  light  than 
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in  the  mixed  yellow  light.     The  result  of  the  last  comparative 
experiment  however    is  open  to  doubt,  unless  very  special  pre- 
cautions are  taken,  for  I  have  satisfied  myself  that  the  air  under 
a  double- walled  bell  provided  with   ammoniacal    Copper  oxide 
solution  becomes  much  warmer  when  exposed  to  direct  sunlight, 
than  the  air  under  a  bell-glass  filled  with  Potassium  bichromate. 
But  still  it  certainly  cannot  be  regarded  as  immaterial  as  to  the 
result  of  the  experiment  whether  we  expose  the  seedlings  grown  in 
the  dark  to  diffuse  light  or  to  direct  sunlight.     If  wheat  seedlings 
with    yellow  plumules   are   exposed  to   diffuse  light,  and  others 
simultaneously  to  direct   sunlight,  the  former    rapidly    become 
green,  e.g.,  in  the  course  of  three  hours,  while  the  latter  produce 
normal  chlorophyll  far  more  slowly.     Now  we  have  seen  in  8, 
that   chlorophyll   in   alcoholic   extracts  from   green  plants  very 
rapidly  decomposes  (changes   colour)   in   direct   sunlight,   while 
diffuse  light  only  very  slowly  induces  changes,  and  this  must  be 
remembered  in  explaining  the  facts  with  which   we   have  just 
become  acquainted.     In  direct  sunlight,  whether  it  acts  on  the 
seedlings   directly,  or  after  traversing  a  solution  of  Potassium 
bichromate,  seedlings  become  green  slowly,  since  the  chlorophyll 
as  it  is  formed  is  in  great  part  destroyed  again.     In  diffuse  light, 
as  also  in   direct   sunlight  which  has  traversed  an  ammoniacal 
solution  of  Copper  oxide,  energetic  decomposition  of  chlorophyll 
cannot  take  place,  and  so  the  chlorophyll  formed  rapidly  accumu- 
lates in  the  cells  of  the  seedlings.      Feeble  diffuse  light  hardly 
exerts  any  decomposing  action  on  chlorophyll,  and  if  seedlings  are 
placed  far  away  from  the  window  under  double-walled  bell-glasses, 
they  become  green  more  rapidly  in  mixed  yellow  light  than  in 
mixed  blue,  since  the  former  exerts  almost  exclusively  its  greater 
chlorophyll-forming     power,     its    chlorophyll-destroying     power 
standing  very  much  in  the  background.^ 

To  learn  whether  the  dark  heat  rays  can  bring  about  the  green- 
ing of  seedlings  grown  in  the  dark,  we  place,  e.g.^  y el low-plu muled 
wheat  seedlings  in  small  glasses  under  double-walled  bell-glasses 
filled  with  a  solution  of  Iodine  in  Carbon  bisulphide.  If  suffici- 
ently strong,  such  a  solution  transmits  no  light  rays,  but  permits 
the  passage  of  the  heat  rays.  The  bell-glasses,  suri'ounded  at  the 
bottom  with  sand,  are  exposed  to  direct  sunlight  or  diffuse  day- 
light ;  the  research  objects  do  not  become  green. 

In  order  to  study  the  relation  between  chlorophyll  formation 
and  conditions  of  temperature,  it  is  convenient  to  employ,  e.g., 

P.P.  I> 


34 


PHTSIOLOOT   ( 


barley  seedlinge  as  i^seai-ch  m&terinl.  A  good  nnmberof  small 
floTrer.pots  ore  filled  with  garden  eoil,  barley  grains  are  sown 
in  each,  and  the  pots  are  then  pat  in  the  dark.  When  the 
plumnles  have  reached  a  length  of  B&y  2  cm.,  we  place  one 
flower-pot  before  the  window  of  a  room  with  a  north  aspect, 
and  in  which  the  temperature  is  6°C.  Another  pot  is  place<i  in 
n  Deighbonring  room,  in  which  the  thermometer  indicates  20°C. 
The  plants  are  thns  exposed  to  similar  conditions  of  illnraination, 
bnt  to  different  temperatures,  and  it  is  found  that  the  greening 
takes  place  far  more  slowly  at  6°C.  than  at  aO"  C-      At  30°  C.  the 


formation  of  chlorophyll  proceeds  e 


what  I 


:  rapidly  than 
20='  C,  at    37°  C. 


slower  again,  and  at 
45"  C.  no  greening 
flakes  place  at  all.  To 
expose  plants  to  tem- 
peratures of  30,  37, 
and  45"  C,  we  put 
them  into  thermostats 
heated  to  the  required 
temperatures.  (A 
drawing  and  descrip- 
tion of  a  suitable 
thermostat  will  be 
found  in  the  second 
section,  in  connection 
with  researches  on 
root  pressnre.)  It  re- 
mains to  be  noted  that 
the  seedlings,  before 
being  illuminated,  most 
he  kept  for  some  time  in  places  of  accnrately  known  temperature, 
so  that  they,  and  also  the  flower-pots  and  the  soil  in  them,  may 
accommodate  themselves  to  these  temperatures.  Judging  froni 
what  was  said  above  there  are  temperature- minim  a,  -optima,  and 


A  for  the  process  of  greening.     The  positions  of  these  are 
by  no  means  the  same  in  different  plants.* 

Lastly  we  will  prove  that  the  process  of  gi-eening  in  the  light 
cannot  take  place  in  absence  of  Oxygen.  Wo  fill  two  retort- 
like  vessels  (a  and  6)  with  distilled  water  which  has  been  boiled 
and  allowed  to  cool  again  in  closed  vessels,  place  in  the  water  a 
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few  wheat  seedlings  grown  in  the  dark,  and  ^x  the  vessels  by 
means  of  a  suitable  stand  with  their  mouths  nnder  mercury  (see 
Fig.  11).  We  replsice  the  water  in  a  up  to  a  certain  point  with 
Hydrogen,  that  in  h  by  atmospheric  air.  If  the  vessels  are 
now  exposed  to  the  influence  of  diffase  light,  the  seedlings  in  b 
rapidly  become  green,  those  in  a  do  not.^ 

It  may  be  remarked  that  the  Hydrogen  is  prepared  by  the 
action  of  zinc  on  dilute  Hydrochloric  acid,  and  purified  by  passage 
through  solutions  of  potash,  , Silver  nitrate,  and  Potassium  per- 
manganate. The  gas  may  be  developed  in  a  Kipp*s  apparatus 
(sec  Section  III.). 


*■  See    Wiesner,  SiUungsberichte  d,   Akad,  d,    WUa,  in  Wien^  Bd.  69,  L 
Abtheilnng. 
'  See  Wiesner,  Die  Entstehung  de»  Chlorophylls  in  d€n  Pflamen,  Wien,  1877. 
'  See  Detmer,  Landwirtseha/U,  JahrbiicJier,  Bd.  11. 


11.    The  Production  of  Oxygen  in  Assimilation. 

Under  the  influence  of  light  decomposition  of  Carbon  dioxide 
takes  place  in  the  chlorophyll  grains,  Oxygen  is  set  free,  and 
with  suitable  researcli  material  can  readily  be  detected  as  such. 

We  place  in  a  glass  say  200  c.c.  of  spring  water,  into  which 
we  lead  not  too  much  pure  Carbon  dioxide.  The  Carbon  dioxide 
is  prepared  from  marble  by  treatment  with  dilute  Hydrochloric 
acid,  and,  before  passage  into  the  spring  water,  must  be  freed 
fi"om  any  Hydrochloric  acid  carried  over,  by  passing  through  a 
solution  of  Sodium  bicarbonate.  We  first  select  for  experiment 
a  fairly  long  shoot  end  of  Hippuris  vulgaris,  which,  as  shown  in 
Fig.  12,  is  immersed  below  water  with  its  base  passing  into  a 
test-tube  filled  with  water.  The  arrangement  is  now  exposed  for 
some  time  to  direct  sunlight.  It  is  found  that  bubbles  of  gas 
spring  from  the  cut  end  of  the  shoot,  and  gradually  a  considei'able 
quantity  of  gas  collects  in  the  test-tube.  If  we  close  the  moath 
of  the  test-tube  under  water  with  the  finger,  invert  it,  and 
introduce  a  glowing  splinter  of  wood,  it  at  once  bursts  into  bright 
flame.     Our  plant  has  therefore  produced  Oxygen. 

This  extremely  interesting  experiment  for  demonstrating  the 
liberation  of  Oxygen  by  assimilating  plants  may  also  be  made  in 
a  somewhat  different  way  (see  Fig.  13).  A  large  number  of 
shoots  of  Elodea  or  Ceratophyllura  are  placed  ander  a  funnel  in  a 
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glass  filled  with  water  holding  Carbon  dioxide  in  solation.  Over 
the  end  of  the  tube  of  the  funnel,  which  is  below  the  surface  of 
the  water,  is  inverted  a  test-tube  filled  with  water,  and  the  whole 
is  exposed  to  direct  sunlight.  The  Oxygen,  or,  to  speak  more 
accurately,  the  air  rich  in  Oxygen  collects,  as  in  the  foregoing 
experiment,  in  the  test-tube.  Material  for  these  experiments  will 
be  at  our  disposal  for  a  considerable  part  of  the  winter  if  in 
autumn  we  put  vigorous  plants  of  Elodea  into  a  large  vessel  of 
water,  and  place  this  at  the  window  in  a  warm  room,  frequently 
renewing  the  water. 

A  glass  cylinder  is  filled  with  spring  water  into  which,  if  it  is 
poor  in  free  Carbon  dioxide,  we  have  led  a  small  quantity  of  this 
gas.  We  now  bring  into  the  fluid  a  twig  of  Elodea  or  Hippuris, 
which  may  be  bound  to  a  glass  rod  (see  Fig.  14),  and  shall 
observe  that  in  the  light  bubbles  of  gas  escape  from  the  cut  end 
of  the  twig.  The  number  of  bubbles,  which  consist  of  air  rich 
in  Oxygen,  directly  indicates  the  energy  with  which  assimilation 
is  proceeding  in  the  green  twig.  In  direct  sunlight,  for  ex- 
ample, Elodea  twigs  frequently  liberate  such  a  rapid  stream  of 
fine  bubbles  that  we  cannot  count  them,  or  can  only  do  so  with 
difficulty.  Other  twigs  of  the  same  plant  under  the  same  con- 
ditions assimilate  less  energetically.  The  bubbles  of  gas  escaping 
from  the  cut  ends  of  Hippuris  twigs  are  fairly  large,  and  do  not 
appear  in  such  excessive  numbers. 

Without  going  into  details  regarding  the  relations  between  the 
intensity  of  the  light  on  the  one  hand  and  the  energy  of  assimi- 
lation on  the  other,  it  is  easy  to  ascertain  that  the  evolution  of 
Oxygen  by  green  plant  structures  proceeds  more  rapidly  in  bright 
diffuse  light  than  in  more  feeble  light.  A  shoot  of  Elodea  bound 
on  a  glass  rod  is  exposed  under  water  to  the  influence  of  bright 
diffuse  light.  We  count  the  number  of  bubbles  liberated  from 
the  cut  end  in  a  particular  time,  e.gr.,  in  one  or  in  five  minutes. 
We  next  place  a  ground  glass  plate  in  front  of  the  apparatus, 
and  it  will  be  found  that  now  fewer  bubbles  escape  into  the  water 
in  the  unit  time  than  before.  If  we  shade  the  twig  well,  the 
assimilation,  and  hence  also  the  production  of  Oxygen,  falls  off 
entirely. 

Twigs  of  Elodea  or  Hippuris  are  exposed  under  spring  water, 
into  which  if  necessary  some  Carbon  dioxide  has  been  led,  to  very 
bright  diffuse  light.  We  count  the  number  of  bubbles  escaping 
in  a  definite    time.      Over    the   vessel    containing   the   research 
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material  we  now  place  a  doable- walled  bell>glaaB  filled  with  a 
Holntion  of  Potassiam  bichromate,  and  once  again  count  the  nnmber 
of  bnbhles  escaping.  We  then  remove  the  bell-glass,  and  after 
again  detennining  the  namber  of  hnhblea  escaping  in  bright 
diffnse  daylight  or  in  direct  sunlight,  replace  it  by  a  bell-glass 
containing  ammoniacal  solntion  of  Copper  oxide,  and  once  again 
count  the  babbles  af  gas.     It  is  well  to  place  a  thermometer  in 


the  water  surroanding  the  research  material  so  aa  to  control  the 
conditions  of  temperature  danag  the  separate  stages  of  the 
experiment.  Proceeding  as  above  we  easily  succeed,  as  I  have 
satisGed  myself,  in  determining  the  interesting  fact  that  the  less 
refrangible  rays  transmitted  by  a  solntion  of  Potassium  bichromate 
induce  almost  as  energetic  a  liberation  of  Oxygen  from  green 
plant  structures  as  does  mixed  white  light,  while  the  liberation 
of  Oxygen  proceeds  under  the  influence  of  the  more  refrangible 
rays  transmitted  fay  an  ammoniacal  solution  of  Copper  oxide  only 
with  very  slight  energy. ' 

Twigs  of  Elodea  or  Hippnris  are  placed,  together  with  a  ther- 
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iDometer,  in  a  beaker  of  water  containing  Carbon  dioxide  in 
solution.  The  temperature  of  the  water  may  be,  say,  12°  C  We 
count  the  bubbles  liberated  in  a  certain  time,  e.^.,  1,  3,  or  5 
minutes,  in  access  of  light.  We  then  warm  the  water  in  the 
beaker,  without  i^emoving  the  plants  from  it,  to  a  temperature  of 
abi>ut  24°  C.  It  will  be  found  that  the  number  of  bubbles  pro- 
duced by  the  Elodea  or  Hippuris  is  now  considerably  greater  than 
at  the  lower  temperature.  Care  must  of  course  be  taken  that  the 
research  material  in  the  two  experiments  is  exposed  to  light  as 
nearly  as  possible  constant  in  intensity ;  it  is  best  therefore  to 
make  the  experiments  when  the  sky  is  quite  cloudless.  The 
optimum  temperatui*e  for  libei^ation  of  Oxygen  in  Elodea  and 
Hippuris  is  not  yet  accurately  determined,  but  may  be  taken  to 
be  about  32°  C.  At  temperatures  beyond  this  the  liberation  of 
Oxygen  proceeds  more  slowly  again.  ^ 

We  expose  some  Elodea  twigs  to  the  influence  of  the  light  in 
Carbon  dioxide-containing  spring  water  which  has  previously  been 
shaken  with  chloroform.  The  liberation  of  Oxygen  continues  for 
a  remarkably  long  time  (in  any  experiments  for  more  than  a 
quarter  of  an  hour)  ;  finally  it  ceases  entirely,  owing  to  the  poison- 
ous action  of  the  chloroform.' 

To  prove  that  chlorophyll -fi'ee  plant  structures  are  unable  to 
assimilate,  all  that  is  necessary  is  to  expose  to  the  light,  in  Carbon 
dioxide- containing  spring  water,  pieces  of  root  for  example. 
Liberation  of  Oxygen  does  not  take  place. 

A  very  interesting  method  of  proving  the  assimilatory  activity 
of  green  cells  has  been  introduced  by  Engelmann.*^  From  a  pure 
culture  of  Bacterium  Termo,  prepared  in  the  manner  to  be  de- 
scribed later,  we  take  swai'ming  individuals,  place  them  on  the 
slide  in  a  drop  of  water,  lay  on  the  cover  glass,  and  seal  its  edges 
with  vEkseline.  With  strong  magnification  we  make  out  that  the 
bacteria,  being  highly  dependent  upon  the  presence  of  Oxygen, 
soon  come  to  rest ;  they  only  continue  in  movement  in  the  neigh- 
lx)urhood  of  air-bubbles  occurring  in  the  preparation,  and  there 
also  they  ultimately  come  to  rest.  If  however  we  introduce  into 
the  preparation  with  the  swarmers  an  algal  filament,  the  move- 
ment of  the  bacteria,  as  long  as  the  alga  is  illuminated,  continues 
without  interruption.  The  Oxygen  produced  by  the  chlorophyll 
bodies  acts  as  a  stimulus,  and  occasions  the  movement,  as  also  the 
direction  of  movement,  of  the  bacteria.  They  collect  in  the 
neighbourhood  of  the  Oxygen-distributing  alga,  and  if,  for  example. 
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we  experiment  with  threads  of  Spirogyra,  the  aggregation  follows 
the  coarse  of  the  green  bands.  Our  aerotropic  swarmei*s  thus 
form  an  excellent  reagent  for  the  presence  of  Oxygen.  When  the 
alga  in  the  preparation  is  not  illaminated,  the  movement  of  the 
bacteria  ceases ;  with  renewed  il lamination  it  at  once  recom- 
mences, since  then  Oxygen  is  once  more  set  free  in  adeqaate 
quantity  through  assimilation.* 


^  An  accurate  account  of  the  influence  of  ray«  differing  in  refrangibility  ou 
the  process  of  assimilation  will  be  found  in  my  Lehrbitch  der  Pjianzenphysiologie. 
On  assimilation  experiments  in  the  objective  spectrum,  see  Ffefifer,  Botan, 
Zeitung,  1872,  No.  23.  As  to  the  arrangements  for  the  objective  spectrum 
see  the  section  on  Heliotropic  Nutations. 

'  See  Heinrich,  Venuefuttationen,  Bd.  13,  p.  136. 

*  See  Detmer,  Landwirthtehaftl.  JahrbUeher^  Bd.  11. 

*  See  Engelmanu,  Botan,  Zeitung,  1881  and  1882. 


12.    Carbon  Dioxide  and  Assimilation. 

The  whole  of  the  Carbon  dioxide  which  is  worked  np  in  assimi- 
lation is  derived  ultimately  from  the  atmospheric  air.  This  is  a 
mixtnre  of  gases,  which,  apart  from  a  few  non-essential  consti- 
tnents,  consists  of  abont  79  per  cent,  by  volume  of  Nitrogen, 
21  per  cent,  by  volume  of  Oxygen,  aud  a  small  quantity  of 
Carbon  dioxide  (in  10,000  volumes  of  air  only  3  volumes  of 
Carbon  dioxide  are  present).  That  the  air  contains  Oxygen  may 
easily  be  demonsti>ated.  We  fasten  a  piece  of  cotton  wool  soaked 
in  alcohol  at  the  end  of  a  thick  wire  bent  twice  at  right  augles. 
The  alcohol  is  ignited  and  an  inverted  glass  cylinder  is  placed 
over  the  flame.  If  we  now  quickly  lower  the  mouth  of  the 
cylinder  under  water,  the  fluid  at  once  rises  in  it,  while  the  flame 
quickly  goes  out.  The  alcohol  requires  Oxygen  for  its  combustion, 
and  takes  it  from  the  air  in  the  cylinder.  As  the  Oxygen  dis- 
appears, the  water  rises  in  the  cylinder. 

That  atmospheric  air  contains  Carbon  dioxide  is  also  eajsy  to 
demonstrate.  For  this  purpose  a  stream  of  air  is  led  through 
clear  baryta  water  by  means  of  a  water-air  pump  or  a  drop 
aspirator.  The  baryta  water  gradually  becomes  cloudy  since  the 
Carbon  dioxide  causes  a  precipitation  of  Barium  carbonate.     In 

*  Engelmann^s  method  has  also  been  employed  to  measure  the  intensity  of 
Carbon  dioxide  decomposition  and  Oxygen  prodaotion  in  different  parts  of  the 
spectrum.    For  this  purpose  the  inilux)8pectral  objective  of  Zeiss  is  suitable. 
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accarate  qaantitative  researches  concerning  the  amount  of  Carbon 
dioxide  contained  in  atmospfaeric  air,  the  votame  of  air  passed 
through  the  apparatus  must  be  measured  by  means  of  a  gas- 
meter.  (For  full  instmctions  regarding  the  determination  of  the 
amount  of  Carbon  dioxide  in  gas  mixtares,  see  the  third  Section 
under  Respiration.) 

Water  is  able  to  ab- 
sorb a  not  inconsider- 
able quantity  of  air. 
If  a  glass  vessel  about 
half  filled  with  spring 
water  is  placed  under 


the 


of  y 


pump,  I 
is  the  water  at  once 
escapes  on  working  the 
becanse       the 


pump, 


of     the 


press  ui 

over  the  water  is 
rapidly  reduced.  If  to 
some  spring  water  is 
added  clear  lime  water 
or  baryta  water,  a  more 
or  less  considerable 
clouding  of  the  fluid 
takes  place,  owing  to 
the  precipitation  of 
Calcium  carbonate  or 
Barium  carbonate  as 
the  case  may  be.  This 
turbidity  however  does 
not  conclusively  prove 
that  the  water  contains 
free  Carbon  dioxide  in 
solution ;    it    may    be 

caused  by  Carbon  dioxide  present  in  loose  combination  in  Calcium 

bicarbonate  dissolved  in  the  water. 

Unless  Carbon  dioxide  is  present  in  the  medium  surrounding 

plants  (air  or  water),  no  assimilation  is  possible,  no  formation  of 

ot^nic    material,  and  naturally  also   no  liberation   of   Oxygen. 

Proof  of  the  fact  that  fresh  organic  material  can  be  piodnced  in 


or  TVB 
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the  green  cells  of  plants  only  when  Carbon  dioxide  is  present  shall 
be  famished  later,  but  we  will  here  perform  an  experiment  which 
clearly  shows  that  chlorophyll -containing  cells  only  produce 
Oxygen  when  Carbon  dioxide  is  at  their  disposal.  Into  a  glass 
flask  of  about  400  c.c.  capacity  is  poured  300  c.c.  of  spring  water.* 
We  now  place  in  the  water  a  considerable  quantity  of  Elodea,  and 
fit  the  flask  with  a  perforated  rubber  stopper,  through  which  passes 
one  end  of  a  glass  tube,  whose  other  end  is  connected  with  a 
U-tube  containing  fragments  of  pumice  soaked  in  potash  solution, 
together  with  fragments  of  caustic  potash  (see  Fig.  15).  The 
plants  are  not  deprived  of  air  because  the  water  is  in  communi- 
cation with  the  atmosphere  through  the  U-tube.  Access  of  Carbon 
dioxide  from  the  atmosphere  on  the  other  hand  is  excluded.  If 
we  expose  our  apparatus  to  direct  sunlight,  we  see  that  the  plants 
keep  up  a  rapid  evolution  of  Oxygen  at  the  expense  of  the  Carbon 
dioxide  dissolved  in  the  water.  We  fix  our  attention  on  parti- 
cular plants,  and  determine  from  time  to  time,  say  every  half 
hour,  the  number  of  bubbles  of  gas  which  they  liberate  in  the 
course  of  one  minute.  It  is  found  that  the  evolution  of  Oxygen 
gradually  becomes  weaker  and  weaker,  and  finally  (in  my  experi- 
ments after  six  hoars)  the  production  of  Oxygen  entirely  ceases, 
since  the  supply  of  Carbon  dioxide  in  the  water  is  exhausted.  If 
we  now  open  the  apparatus,  and  lead  some  Carbon  dioxide  into 
the  water,  the  evolution  of  Oxygen  by  the  plants  under  the  in- 
fluence of  the  light  recommences.^ 


'  See  Frank   Schwarz,   in  Unten,  aus   d,  bot.  Intt,  zu  Tiibingen,   Bd.   1, 
p.  97. 


13.    Volumetric  Relations  of  the  Gas  Exchange  in 

Assimilation. 

We  conduct  our  experiments  according  to  a  method  which  has 
been  accurately  described  by  Pfeffer,^  and  which  also  Holle* 
employed.  The  apparatus  is  represented  in  Fig.  16.  The  most 
essential  part  of  it  is  a  glass  tube  about  360  mm.  in  length, 
expanded  into  a  bulb  towards  its  upper  end.  Of  this  tube  the 
calibrated  portion  c  occupies  about  260  mm.,  and  the  bulb 
70-75  mm.,  above  which  the  tube  ends  in  the  narrow  portion  a 

*  A  glass  cylinder  of  small  diameter  is  still  more  suitable. 
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which  IB  open  at  the  top.  The  capacity  of  the  whole  apparataf 
about  115-120  c.c,  otwhich  about  75  c.c  belong  to  the  bulb.  ' 
tuke  the  free  outer  opening  of  the  tube  a  as  the  zero  for  fifradn- 


Ation,  but  the  actual  di 
diameter  of  the  tube,  a 


ly  begin  below  the  bulb,  the 
noticed,  being  here  about 
14  or  15  mm.  The  graduation  may 
conveniently  be  carried  to  -^  c.c, 
a  detail  which  ia  not  represented  in 
the  illustration. 

In  condncting  volumetric  obser- 
vationa  on  the  gas  exchange  of 
assimilating  leaves,  it  is  necessary 
to  cut  away  the  leaf-stalk,  leaving 
Only  a  short  piece  to  which  is 
fastened  a  very  thin  iron  wire  d, 
the  wire  being  ran  through  the 
stump  of  the  leaf-atalk,  and  wound 
several  times  round  it.  The  leaf 
thus  fixed  on  the  wire  ia  passed  up 
into  the  bulb,  an  operation  which 
is  snccesefally  effected  by  gently 
bending  the  edges  of  the  leaf  back- 
wards, introducing  it  into  the  gradu- 
ated portion  of  the  tube,  and  posh- 
ing it  up  with  a  wooden  rod.  The 
apparatus  is  now  fixed  with  its 
lower  end  dipping  into  mereury,* 
and  we  at  once  introduce  into  it 
over  the  mercury  0"3  c.c.  of  water, 
by  means  of  a  pipette  bent  round  at 
its  lower  end  and  drawn  out  to  a 
fine  poiat.  A  piece  of  rubber 
tabing  is  slipped  over  the  end  of 
the  tube  a,  which  baa  so  far  been 
open.  This  is  put  into  coDnection 
with  a  suction  flask  containing 
*ir  from   the   flask  by  suction,  the 

*  The  mercury  emplojed  mast  be  very  pure.  The  purifioatiou  of  merourj 
which  has  been  Herer*!  times  used  m«y  be  effected  as  foUow« ;  We  trett  the 
metal  in  a  thick-nailed  bottle  with  an  equal  volume  ol  water,  add  to  it  a  little 
Nitric  acid,  and  ahnke  well  for  a  quartm  of  an  hour  or  halt  an  honr.    We 


— AppnrmuiB  for 

lly  o(  C.rlion  ili 

miluing  pluila  decompoae. 

water.      When  we 
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mercarj  mast  lise  in  the  apparatus.  The  connection  tubing  is 
closed  at  the  proper  time  hj  means  of  a  clip.  We  then  intro- 
duce into  it  a  piece  of  glass  rod,  ground  and  greased  at  its  lower 
end,  remove  the  clip,  and  push  the  glass  rod  home,  so  that  its 
greased  end  fits  closely  to  the  top  of  the  tube  a. 

The  mercury  having  been  sacked  up  into  the  tube  as  described, 
and  the  temperature  of  the  gas  having  after  some  time  become 
uniform,  we  can  proceed  to  the  necessary  readings.  We  read  off 
the  volume  of  the  gas,  coanting  to  the  bottom  of  the  water 
meniscus,  and  note  also  the  height  of  the  layer  of  water,  and  the 
height  of  the  mercury  above  the  surface.  The  height  of  the 
column  of  mercury  expressed  in  millimetres,  together  with  the 
mercurial  pressure  corresponding  with  the  layer  of  water,  gives 
the  deduction  to  be  made  from  the  barometric  reading.  Tem- 
peratare  and  barometric  pressare  must  of  course  be  accurately 
noted.  From  the  gas  volame  observed  is  to  be  deducted  the 
volume  of  the  wire  and  leaf,  which  we  determine  in  the  usual 
way  by  immersion  in  water,  and  also  0*3  c.c.  for  the  water 
meniscus.  The  volame  is  now  reduced  to  0°  C,  1000  mm.  pres- 
sure of  mercury,  and  the  condition  of  dryness  : — ^ 

(V^rn)(h-'b'-h") 
(l-H0-00366t°j     * 

V  is  the  redaced  gas  volnme ;  V  denotes  the  volume  observed  ; 
7H,  the  meniscas  correction ;  6,  the  barometric  pressure ;  b',  the 
pressure  height  to  be  deducted  for  the  column  of  mercury  in 
the  tube;  6",  the  tension  of  aqueous  vapour  at  a  temperature 
of /o. 

Wo  now  lead  into  the  apparatus  some  purified  Carbon  dioxide 
(say  8  CO.),  once  more  determine  the  volume  of  gas  in  the 
apparatus,  and  again  reduce  as  above.  We  can  then  at  once  find 
the  volume  of  Carbon  dioxide  introduced  by  subtracting  the  first 
corrected  reading  from  the  second.  In  introducing  the  Carbon 
dioxide,  and  also  in  the  previous  operations,  care  must  be  taken 
to  touch  the  apparatus  as  little  as  possible,  so  that  the  equalisation 
of  temperature  necessary  before  taking  the  readings  may  be 
effected  as  quickly  as  possible  (in,  say,  ten  to  twenty  minutes). 

now  carefully  wash  with  water.  It  necessary,  these  operations  are  to  be  re- 
peated. We  then  dry  the  mercury  with  blotting  paper,  heat  it  in  a  dish  to  120^  C. 
in  a  draught  chamber,  cover  the  dish  with  a  sheet  of  paper,  and  allow  to  cool. 
Finally  the  metal  is  filtered  through  writing  paper  pierced  here  and  there  by 
means  of  a  needle. 
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All  analytical  work  must  be  performed  away  from  direct  sun- 
light. Bat  when  the  Carbon  dioxide  has  been  led  into  the  eudio- 
meter we  may  expose  the  apparatus  for  some  hours  to  direct 
sunlight,  in  order  to  ensure  very  vigorous  assimilation.  Imme- 
diately after  exposure,  the  leaf  is  removed  from  the  eudiometer, 
being  rotated  a  little  as  it  passes  through  the  mercury,  in  order 
to  liberate  any  bubbles  of  air  which  may  be  clinging  to  it.  After 
about  two  hours,  when  the  apparatus  has  quite  cooled  down,  we 
read  off  the  gas  volume,  and  introduce  some  potash  solution  from 
a  small  pipette,  by  warming  the  pipette  with  the  hand  while 
keeping  it  closed  at  the  top.  After  absorption  of  the  Carbon 
dioxide  which  has  escaped  decomposition,  the  volume  of  the  gas 
is  once  more  determined. 

For  experiments  concerning  gas  exchange  in  assimilation,  leaves 
of  Prnnus  laurocerasus  or  Nerium  are  suitable.  Before  intro- 
duction into  the  eudiometer,  the  leaves  must  have  been  exposed 
to  the  light  so  that  they  may  contain  no  absorbed  Carbon  dioxide 
in  their  tissues.  The  leaves  are  left  in  the  eudiometer  exposed 
to  the  light  for  three  to  six  hours,  which  is  long  enough, 
especially  in  direct  sunlight,  to  ensure  decomposition  of  a  large 
quantity  of  the  Carbon  dioxide  introduced.  As  regiirds  the 
amount  of  Carbon  dioxide  to  be  led  into  the  eudiometer,  it  may 
be  remarked  that  6-8  c.c.  is  sufficient.  In  many  cases,  when  viz. 
the  intensity  of  the  sunlight  to  which  the  leaves  are  exposed  is 
very  considerable,  it  is  desirable  to  hang  over  the  eudiometer  a 
double-walled  bell-glass  filled  with  water  (see  Fig.  9),  to  prevent 
undue  heating  of  the  leaf  and  of  the  gas  in  the  apparatus.  Or,  if 
the  light  is  too  intense,  we  may  shade  the  apparatus  to  some  extent, 
for  which  purpose  paper  screens  serve  very  well.  If  we  desire 
to  study  the  influence  of  coloured  light  on  the  rate  of  decom- 
position of  Carbon  dioxide,  we  suspend  over  the  eudiometer 
double-walled  bell-glasses  filled  with  coloured  fluids,  and  prevent 
access  of  light  from  below,  say,  by  means  of  bla-ck  oil-cloth.  (See 
Pfeffer*s  cited  treatise.) 

We  are  at  present,  however,  particularly  interested  only  in  the 
behaviour  of  leaves  in  mixed  white  light.  Under  the  influence  of 
such  light  notable  quantities  of  Carbon  dioxide  are  decomposed 
in  a  short  time,  and  if  we  carefully  carry  out  our  investigations  in 
the  manner  described,  we  shall  be  convinced  that  the  volume  of 
gas  remaining  in  the  eudiometer  after  exposure  of  the  leaves  to 
sunlight  is  as  large  as  before  exposure.     Very  small  differences. 
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which  come  within  the  region  of  errors  of  observation,  are  of 
course  to  be  disregarded.  In  assimilation,  therefore,  a  quantity 
of  Oxygen  is  produced  which  is  exactly  equal  in  volume  to  the 
quantity  of  Carbon  dioxide  decomposed. 


*  See  Pfeffer,  Arbeiten  dea  hot.  InstituU  in  Wurzhurg,  Bd.  1,  H.  1. 
»  See  HoUe,  FUrra,  1877. 

*  See  Bunsen,  GasometrUehe  Methoden^  1857,  and  Hempel,  Gatanalytische 
Methoden,  1890. 


14.  Macroscopical  and  Microscopical  Detection  of  Starch  in  the 

Organs  of  Assimilation. 

In  very  many  green  plant  structures  amylum  is  produced  as 
the  6i*st  easily  visible  product  of  assimilation.  It  is  therefore  one 
of  the  commonest  tasks  in  plant  physiology  to  detect  this  starcb 
in  the  organs  of  assimilation,  and  this  can  be  done  either  macro- 
chemically  or  microchemically.  We  will  first  consider  the  former 
method. 

The  simplest  method  of  investigation,  first  used  by  Sachs  ^  in 
prolonged  experiments,  is  as  follows.  We  place  the  objects  to  be 
tested  for  starch  (leaves  of  TropaBolum,  Helianthus,  Solanum,  or 
Phaseolus  are  very  suitable)  for  a  few  minutes  in  boiling  water, 
and  then  transfer  them  to  very  strong  alcohol  at  a  temperature  of 
60°  C.  If  we  use  a  fairly  large  quantity  of  the  alcohol,  the  chloro- 
phyll of  the  leaves  is  generally  very  quickly  and  completely  taken 
up,  and  in  a  few  minutes  the  leaves  become  colourless.  They  are 
now  placed  in  a  solution  of  Iodine.  This  is  prepared  by  dissolving 
a  fairly  large  quantity  of  Iodine  in  strong  alcohol,  and  then  pour- 
ing the  solution  into  distilled  water  till  the  fluid  is  about  the 
colour  of  dark  beer.  We  may  also  satisfactorily  employ  a  solution 
of  Iodine  in  Potissium  iodide  solution.  The  leaves  are  left  in  the 
Iodine  solution  for  half  an  hour,  an  hour,  or,  if  necessary,  for 
several  hours,  till  they  undergo  no  further  change  of  colour.  We 
then  remove  them  from  the  solution  with  the  forceps,  and  lay 
them  in  a  porcelain  dish  containing  water.  If  starch  is  completely 
absent,  the  Iodine-saturated  leaves  are  light  yellow  or  buff- 
coloured.  Small  quantites  of  starch  are  indicated  by  darkish 
coloration  of  the  leaves;  large  quantities  by  deep  black  color- 
ation. If  Iodine-saturated  leaves,  rich  in  starch,  are  left  for 
several  hours  on  a  plate  containing  water,  they  often  assume  a 
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blue  coloration.  In  experiments  made  by  myself  with  leaves  of 
Tropeeolnm,  this  came  oat  very  beautifully. 

To  determine  microchemically  whether  starch  is  present  or 
absent  in  the  organs  of  assimilation,  the  material  (e.g.,  filaments  of 
algce  or  delicate  transverse  sections  of  leaves,  etc.)  is  first  laid  in 
strong  warm  alcohol,  in  order  to  extract  the  chlorophyll.  The 
bleached  preparations  are  placed  in  a  fairly  strong  solution  of 
potash,  either  for  a  short  time  in  a  hot  solution,  or  for  twenty 
hours  in  a  cold  solution,  carefully  washed  with  water,  treated  with 
dilute  Acetic  acid  so  as  to  completely  neutralise  the  potash,  once 
more  washed  with  water,  and  then  mounted  in  a  drop  of  iodised 
Potassium  iodide  solution  (prepared  by  dissolving  0*05  gr.  Iodine 
and  02  gr.  of  Potassium  iodide  in  15  gr.  of  water.)®  The  follow- 
ing method  of  detecting  starch  in  green  cells  is  also  very  con- 
venient.* The  research  objects  (with  special  success  I  used  quite 
unprepared  loaves  of  Elodea  canadensis  and  Funaria  hygrometrica) 
are  either  at  once,  or  as  is  often  necessary  after  extraction  with 
alcohol,  laid  on  the  slide  in  a  drop  of  chloral  hydrate  solution  (5 
parts  of  chloral  hydrate  to  2  parts  of  water)  treated  with  iodised 
Potassium  iodide  solution,  and  at  once  observed.  The  chlorophyll 
is  dissolved,  the  starch  grains  swell  up  somewhat,  and  they  as- 
sume in  contact  with  the  Iodine  solution  a  beautiful  blue  colora- 
tion, like  starch-containing  material  placed  in  contact  with  the 
Iodine  reagent  after  treatment  with  potash  and  dilute  Acetic 
acid. 

If  we  desire  to  satisfy  ourselves  that  the  starch  formed  by  as- 
similation is  not  present  in  any  part  of  a  cell  but  in  the  chlorophyll 
bodies,  we  may  select  for  examination  Spirogyra,  Zygnema,  or 
leaves  of  Funaria  hygrometrica,  and  avail  ourselves  of  the  last 
used  method,  with  chloral  hydrate. 


^  See  Sachs,  Arbeiten  de$  hotan.  InHituts  in  WUrzburg,  Bd.  3,  p.  1. 
'  See  Bohm,  Sitzungsberichte  d,  Akad,  d.  Wisa.  zu  WieUy  Bd.  22,  p.  479,  and 
Sachs,  Botan.  Zeitung,  1864,  p.  291. 
3  See  A.  Meyer,  Das  Chlorophyllkom,  1883,  p.  28. 

15.    The  Products  of  Assimilation. 

There  is  no  doubt  whatever  that  starch  always  appears  in  the 
leaves  of  many  plants  as  the  first  easily  visible  product  of  assimi- 
lation. On  the  other  hand  there  are  plants  which  under  very 
favourable  conditions  for  assimilation  produce  only  comparatively 
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small  or  very  insignificaTit  quantities  of  starqh,  or  even  no  starch 
at  all.  In  the  afternoon  of  a  hot  somtner  day  we  collect,  e.g., 
during  the  same  hoar  leaves  of  Tropeeolam  majos,  Phaseolas 
mnltiflorns,  Helianthas  annnns,  of  a  Polygonam,  of  a  Gentian,  of 
Tamns  eommnnis,  and  of  Alliam  Cepa.  It  is  best  if  the  plants  from 
"which  we  take  the  leaves  have  grown  under  conditions  as  nearly 
similar  as  possible,  such  as  are  afforded  for  example  in  botanic 
gardens.  It  is  also  to  be  observed  that  we  must  always  work  with 
fully  developed  leaves.  On  testing  the  material,  in  the  manner 
described  in  14,  macroscopically  or  microscopically,  we  find  that 
the  leaves  of  Tropeeolum,  Phaseolus  and  Tamus  contain  copious 
quantities  of  starch  in  their  green  cells,  while  those  of  Helianthus 
already  contain  less.  The  quantity  of  starch  in  the  leaves  of 
Polygonum  is  still  less,  that  in  Gentian  leaves  very  small,  and  the 
leaves  of  Allium  prove  to  be  completely  free  from  starch. 

To  obtain  further  information,  we  perform  the  following  in- 
structive experiment.  A  large  quantity  of  Helianthus  tuberosus 
leaves  are  gathered  on  the  afternoon  of  a  hot  summer  day,  and 
after  removal  of  the  leaf-stalks  are  cut  into  small  pieces,  and 
crushed  between  folds  of  linen  in  a  hand  press.  We  measure  the 
volume  of  the  dark-coloured  juice  obtained,  boil  it,  allow  to  cool, 
then  replace  the  water  lost  by  evaporation,  and  filter.  We  prepare 
in  exactly  the  same  manner  juice  from  leaves  of  Allium  Cepa 
collected  at  the  same  time  as  the  Helianthus  leaves.  We  now 
determine  the  quantities  of  juice  necessary  for  the  reduction  of 
10  c.c.  of  Fehling's  solution,  and  find  that  a  large  quantity  of  the 
Helianthus  juice  is  required,  but  only  a  very  small  quantity  of  the 
Allium  juice.*  Leaves  which  produce  large  quantities  of  starch 
contain  therefore  but  little  glucose  ;  leaves  which  form  no  starch 
are  very  rich  in  glucose.  In  fact,  as  Sachs  ^  long  ago  declared, 
and  as  Arthur  Meyer  specially  determined,'  the  glucose  present 
in  the  leaves  of  Allium  and  other  plants  is  to  be  regarded  as  a 
product  of  assimilation. 

We  may  also  conduct  the  investigations  on  the  quantity  of 
starch  and  sugar  in  assimilating  leaves  as  follows,  again  employing 

*  Hand  presses  and  oloths  are  to  be  obtained  from  O.  Wenderoth  in  Cassel 
(see  price  list  No.  2907).  If  the  juices  after  filtering  are  very  dark  in  colour, 
it  is  well  to  treat  them  with  Lead  acetate,  filter,  precipitate  the  lead  with  H^S, 
and  free  tbe  solution  from  H3S  by  passing  a  current  of  air.  On  the  preparation 
of  Lead  acetate,  see  C.  Wolflf,  Anleitung  zur  Untersuchung  landwirthschl.  wich- 
tiger  Stofe,  1875,  p.  188.  The  Fehling's  solution  is  prepared  in  the  manner 
given  in  Section  III. 
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on  the  one  hand   Helianthus  leaves,  and   on   the  other  Allium 
leaves.     The  material  is  dried  as  qaicklj  as  possible  in  a  large 
drying  chanjiber  at  aboat  80°  C,  then    very  finely  ground   and 
freed  from  water  at  100°  C.     About  5  gr.  of   dry  substance  are 
treated  in  a  beaker  with  100  c.c.  of  water  at  30°  C,  and  after 
digesting  for  a  few  hours,  we  filter  off  the  solution,  and  carefully 
wash  the  residue  left  on  the  filter-paper.     The  solution  is  made 
up  to  200  c.c.  and  divided  into  two  portions.     In  50  c.c.  of  one 
we  at  once  determine  with  Fehling*s  solution  the  quantity  of  re- 
ducing sugar  present.     The  second  portion  is  heated  for  a  good 
time  with  a  few  drops  of  Hydrochloric  acid,  and  then  the  quantity 
of  sugar  in  this  is  determined.    For  further  details  see  Section  III. 
In  this  way  we  finally  learn  the  quantity  of  reducing  sugar  in  the 
leaves  before  and  not  till  after  inversion  respectively.     In  order 
to  determine  also  the  quantity  of  starch  in  the  leaves,  the  residue 
on  the  filter  is  rinsed  in  a  flask  with  200  c.c.  of  water,  and  further 
treated  in  the  manner  to  be  described  in  Section  III.     We  finally 
determine  with  Fehling's  solution  the  quantity  of  sugar  obtained, 
and  this  serves  as  a  measure  of  the  quantity  of  starch. in  the 
leaves.' 

This  method  may  also  be  employed  in  investigating  the  specific 
energy  of  assimilation  of  leaves,  or  in  studying  the  relationship 
between  assimilation  in  the  leaves  and  conditions  of  illumination, 
etc.  We  experiment,  e.g.,  with  the  leaves  of  Helianthus  or 
Cucurbita.  At  five  o'clock  in  the  morning  we  remove  one  half 
from  a  few  of  the  leaves  without  injuring  the  midribs.  We  lay 
the  separated  halves  on  a  drawing  board,  cover  them,  with  the 
exception  of  the  stronger  nerves,  with  thin  templates  of  wood, 
about  50  or  100  sq.  cm.  in  area,  press  these  down,  and  with  a 
scalpel  cut  out  corresponding  areas  of  leaf.  The  second  halves 
of  the  leaves  ai'e  not  removed  from  the  plant  till  after  eight  to 
twelve  hours  of  assimilatory  activity,  and  are  then  treated  like 
the  first,  care  being  taken  in  each  case  to  place  the  templates  as 
nearly  as  possible  symmetrically  with  respect  to  their  position 
in  the  corresponding  first  removed  halves.  Immediately  after 
cutting  out  the  areas  of  leaf,  we  rapidly  dry  them  at  80°  C.  In 
Helianthus  annuus,  500  sq.  c.c.  of  leaf  surface  weigh  when  dry 
about  4  gr.  5-10  gr.  of  dry  substance  then  serve  for  the  deter- 
mination of  the  quantity  of  carbohydrate  present  (sugar,  starch), 
and  we  shall  find  that  the  later  cut  halves  are  considerably  richer 
in  these  than  the  first,  if  the  conditions  of  assimilation  during  the 
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day  have  been  favourable.  While  the  leaves  are  assimilating,  the 
whole  of  the  material  produced  does  not  collect  in  the  leaf.  A 
portion  of  the  carbohydrates  migrates  and  is  used  up  in  respira- 
tion. This  quantity  must  not  be  neglected.  We  may  estimate 
it  approximately  by  removiug  portions  in  the  evening  from  leaves 
very  similar  to  those  used  for  the  experiments  already  mentioned, 
and  testing  them  for  sugar  and  starch.  The  portions  left  behind 
are  not  cut  till  eight  hours  later,  and  these  are  also  submitted  to 
examination.  Taking  into  account  the  loss  by  migration,  we  find, 
e.g.^  that  1  sq.  m.  area  of  Helianthus  leaf,  under  favourable  con- 
ditions for  assimilation,  produces  about  2  gr.  of  carbohydrate 
material  per  hour.*  The  quantity  of  carbohydrate  which  has 
migrated  must  naturally  be  added  in  the  calculation  to  that  pro- 
duced in  the  daytime.  It  is  noteworthy,  as  recent  observations 
have  taught,  that  even  in  Helianthus  only  a  fraction  (about  J)  of 
the  carbohydrate  produced  in  assimilation  consists  of  starch. 

The  total  quantity  of  the  material  formed  by  assimilation  we 
can  also  discover  approximately  by  taking,  e.g.,  from  Helianthus 
plants,  in  the  early  morning  and  towards  evening  respectively 
500  sq.  cm.  of  leaf  area,  and  thoroughly  drying,  first  rapidly  at 
about  80°  C,  and  then,  after  powdering,  at  100°  C,  proceeding  in 
the  same  way  with  other  portions  removed  in  the  evening  and 
eight  hours  later  respectively.  The  values  for  the  gain  in  weight 
by  day  per  500  sq.  cm.,  and  for  the  loss  in  weight  per  500  sq.  cm. 
during  the  night  are  to  be  added.  In  this  way  we  get  a  rough 
measure  of  the  assimilatory  activity  of  the  leaves.  These  experi- 
ments, as  also  those  previously  described,  are  to  be  made  on  very 
bright  sunny  days  and  very  warm  nights. 

We  may  to-day  adopt  the  view  that,  even  in  very  starchy  leaves, 
starch  is  not  directly  produced  in  the  green  cells  from  the  Carbon 
dioxide  and  water  as  the  result  of  assimilation,  but  that  first  of 
all  glucose  is  formed.  (See  my  Lehrbtich  der  Pflanzen^hysiologi*', 
1883,  pp.  38  and  198.)  In  leaves  rich  in  amylum  this  glucose, 
owing  to  specific  peculiarities  of  their  chlorophyll  bodies,  can 
easily  be  converted  into  amylum,  while  the  formation  of  starch 
from  the  glucose  developed  in  assimilation  is  more  or  less  difficult 
in  the  leaf  cells  of  other  plants.  In  this  connection  it  is  naturally 
a  fact  of  gi^at  importance  that  leaves  have  been  caused  to  form 
starch  at  the  expense  of  glucose  conveyed  to  them  from  without.* 
I  have  not  specially  investigated  the  matter,  but  have  satisSed 
myself   that   leaves  can   likewise   form  starch   from   cane-sugar 
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Happlicd  to  them  from  ontside.  Fresh  pieces  of  Iris  gerraanica 
loaf,  aboat  10  cm.  in  length,  were  placed,  without  removal  of  the 
layer  of  wax,  in  a  20  per  cent,  solution  of  cane-sugar,  contained 
in  a  shallow  glass  dish.  The  pieces  of  leaf  floated  on  the  fluid,  and 
one  of  their  surfaces  did  not  come  into  contact  with  it  at  all.  The 
vessel  was  covered  with  a  sheet  of  glass,  but  between  this  and  the 
rim  of  the  vessel  was  placed  a  piece  of  cork  so  as  to  secure  access 
of  air.  The  material  remained  in  contact  with  the  cane-sugar 
solution  for  more  than  a  week  at  a  moderate  temperature,  and  in 
(iarkness.  At  the  beginning  of  the  experiment,  I  tested  some  of 
the  pieces  of  leaf  macroscopicallj  for  starch ;  there  was  none 
present.  Pieces  of  leaf  which  had  remained  for  eight  days  in  con- 
tact with  the  sugar  solution  gave  a  distinct  starch  reaction.  It  is 
to  be  observed  that  the  pieces  of  Iris  leaf,  before  being  placed  in 
the  Iodine  solution,  must  be  treat.ed  for  rather  a  long  time  with 
warm  alcohol,  to  secure  complete  removal  of  their  chlorophyll. 
The  investigation  may  also  be  conveniently  made  with  leaves  of 
Nicotiana  tabacum.  Early  in  the  morning  a  half  leaf  of  the 
plant  is  tested  macroscopically  for  absence  of  starch,  the  other 
half  being  laid  in  cane-sugar  solution.  After  leaving  this  in  the 
fluid  for  several  days  in  the  dark,  it  is  found  to  contain  starch 
in  abundance. 


*  See  Saobs,  Ilandbueh  d.  Experimentalphygiologie  d.  Pflamen,  1865,  p.  326. 
»  ArUi.  Meyer,  liotan,  X^itunff,  1885,  Nr.  27. 

'  See  aUo  Saposohnikoflf,  Berichte  der  DruUchen  hotan,  GetelUchaft,  Bd.  9. 
Further  soe  Brown  and  Morris,  Journal  of  the  Chem.  Soc,  May,  1893. 

*  See  Sachs,  ArbnUn  d.  hotan.  Instituts  in  Wiirzhurg,  Bd.  3,  and  Saposch- 
nikoff,  Berichtf  d.  Deutschen  hotan.  QeselUchaft,  Bd.  8. 

*  Soe  Bohm,  Dotan.  Zeitung,  1863  ;  A.  Meyer,  Botan.  Zeitung,  1885,  Nr.  27, 
and  especially  Dotan.  Zeitung^  1886,  Nr.  5. 

16.    The  Dependence  of  Starch  For  nation  in  Assimila  tion  on 

External  Conditions. 

Wo  sow  some  Phaseolus  seeds  in  loose  garden  earth  contained 
in  flower-j)ota,  grow  the  plants  in  darkness  till  the  cotyledons 
have  boon  robbed  of  a  very  considerable  part  of  their  stored 
i^oserve  material,  and  now  examine  the  primordial  leaves  macro- 
chemically,  after  Sachs'  method,  or  microchemieally  by  treating 
thin  trans vei'se  solutions  with  chloi^l  hvdmte  and  iodised  solution 
of  Potassium  iodide  (see  14).  Stai-ch  is  not  found  in  the  meso- 
phyll  cells.     If  we  now  leave  the  plants  for  a  few  days  exposed  to 
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the  light,  they  become  green,  their  growth  begins  anew,  and  at 
the  end  of  the  time  starch  is  to  be  detected  in  the  cells  of  the 
leaves  by  macrochemical  or  microchemical  tests. 

If  matnre  leaves  of  vigorous  pot  plants  of  Tropeeolum  or 
Phaseolus,  grown  in  the  light,  are  examined  macrochemicallj  or 
microchemicallj,  starch  will  readily  be  detected  in  their  cells. 
If  the  plants  are  now  left  in  the  dark,  at  a  high  summer  tempera- 
ture for  a  short  time  (say  forty-eight  hours),  at  a  lower  tem- 
perature for  a  longer  time,  the  starch  will  disappear  from  the 
mesophyll  of  their  leaves.  If  the  plants  are  again  exposed  to  the 
light  for  a  few  days,  we  can  easily  ascertain  that  their  leaves  are 
once  more  rich  in  starch.  It  is  a  good  plan  in  comparative  in- 
vestigations concerning  the  influence  of  illumination  on  the  origi- 
nation and  disappearance  of  starch  in  the  cells  of  the  leaf  tissue, 
not  to  cut  off  entire  leaves  at  the  end  of  the  separate  periods,  ..but 
pieces  only.  We  are  thus  enabled  to  experiment  with  one  and 
the  same  leaf  throughout  the  entire  period  of  investigation. 

If  we  examine  bud  leaves  of  vigorous  plants  of  Elodea  cana- 
densis, growing  under  normal  conditions,  we  shall  find  starch 
present  in  the  cells  in  large  quantities.  If  the  plants  are  placed 
in  darkness,  the  starch  completely  disappears  (in  my  experiments, 
at  a  high  summer  temperature,  often  within  twenty-four  hours, 
but  certainly  much  more  slowly  at  a  lower  temperature).  Re- 
newed illumination  quickly  causes  reaccumulation  of  large 
quantities  of  starch  in  the  leaf  tissue.  I  have  found  it  advisable 
not  to  treat  the  Elodea  leaves  with  chloral  hydrate  and  iodised 
Potassium  iodide  solution  till  they  have  been  extracted  with  boil- 
ing water  and  hot  alcohol  for  removal  of  their  chlorophyll. 

At  a  high  summer  temperature  filaments  of  Spirogyra  are  free 
from  starch  after  being  kept  in  the  dark  for  one  to  three  days,  as 
is  shown  by  testing  with  chloral  hydrate  and  iodised  Potassium 
iodide  solution.  If  we  expose  such  starch-free  filaments  of  Spiro- 
pryra  to  direct  sunlight,  they  very  soon,  e.g.,  even  after  half  an 
hour,  contain  large  quantities  of  starch,  in  consequence  of  the 
high  temperature  and  the  intense  light.  In  diffuse  light  the 
formation  of  starch  proceeds  far  more  slowly. 

To  investigate  the  influence  of  light  rays  differing  in  refrangi- 
bility  on  the  formation  of  staixsh  in  chlorophyll,  it  is  convenient  to 
employ  as  research  material  filaments  of  Spirogyra  or  Elodea 
plants  which  have  been  deprived  of  starch  by  being  kept  for  a  few 
days  in  darkness.    The  starch-free  plants  are  placed  under  double- 
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walled  bell-glasses  in  small  dishes  containing  spring  water,  or  are 
pat  into  suitable  boxes  (see  8),  and  then  exposed  to  light  which 
has  traversed  solutions  of  Potassium  bichromate  and  ammo- 
niacal  Copper  oxide.  We  expose  the  apparatus  to  direct  sun- 
light or  to  diffused  light.  From  time  to  time,  say  every  ten 
minutes  if  we  experiment  with  direct  sunlight,  say  every  thirty 
minutes  if  with  diffused  daylight,  we  test  filaments  of  Spirogyra 
or  bud  leaves  of  the  Elodea  for  starch.  It  is  found  that  just  as 
evolution  of  Oxygen  takes  place  far  more  actively  in  mixed  yellow 
light  than  in  mixed  blue  light,  so  also  starch  formation  is  brought 
about  by  rays  of  lower  refrangibility  far  more  copiously  than  by 
rays  of  higher  refrangibility.  In  direct  sunlight,  however,  the 
formation  of  starch  in  the  chlorophyll  goes  on  with  tolerable 
rapidity,  even  under  the  influence  of  the  mixed  blue  light.  I 
found,  e.gr.,  that  filaments  of  Spirogyra,  at  first  starch-free,  con- 
tained considerable  quantities  of  starch  after  exposure  for  thirty- 
five  minutes,  at  a  high  temperature,  to  sunlight  which  had 
traversed  the  ammoniacal  solution  of  Copper  oxide. 

It  is  instructive  to  investigate  by  Sachs'  macrochemical  method 
variegated  leaves  which  have  been  vigorously  assimilating.  We 
may  use  for  the  purpose  leaves  of  Acer  negundo  or  Sanchezia  (the 
last  must  be  left  for  a  fairly  long  time  in  the  Iodine  solution).  It 
is  seen  that  only  the  green  parts  of  the  leaf,  not  the  parts  free 
from  chlorophyll,  contain  starch. 

The  following  experiment  which  I  made  with  pot  plants  of 
TropaBolum  majus  is  particularly  interesting  since  it  teaches  that 
starch  formation  in  the  mesophyll  of  the  leaves  is  strictly  localized, 
inasmuch  as  assimilatory  activity  is  only  exhibited  by  those  parts 
of  the  leaf  which  are  directly  struck  by  the  sun's  rays,  no  starch 
being  formed,  e.g.,  in  artificially  darkened  parts  of  the  same  organ. 
Plants  of  Troproolum  are  shaded  for  two  days  or  more  until 
macroscopic  tests  show  that  the  mesophyll  of  the  leaf  has  become 
free  from  starch.  Then  with  pins  we  fasten  to  the  upper  and 
lower  surfaces  of  full-grown  leaves,  exactly  opposite  one  another, 
small  discs  of  thick  cardboaixi  or  felt,  so  that  when  the  plants  are 
again  exposed  to  the  light,  only  portions  of  the  leaf  surface  will 
be  illuminated.  After  some  time  (in  my  experiments  after  a  day 
and  a  half)  we  test  the  partly  shaded  leaves  macrochemically. 
The  mesophyll  of  the  artificially  darkened  regions  of  the  leaf  is 
starch-free ;  only  the  nerves  contain  staitsh.  On  the  contrary  the 
parts  of  the  leaf  which  have  been  struck  by  the  rays  of  light  are 
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Been  to  be  very 
rich  in  Btarch 
(see  Fig.  17). 

It  is  further  im- 
portant to  satisfy 
onrBelves  that 
plants  are  unable 
to  form  starch 
when  exposed  to 
the  light  in  au 
atmosphere  free 
from  Carbon  di- 
oxide, and  indeed 
that  the  starch 
which  may  al- 
ready be  present  „S'tepB„«! 
disappears  under    thoigbi  u 


these  conditions  from 
the  chlorophyll  bodies. 
We  fill  small  flower- 
pot* with  ignited  sand 
saturated  with  the 
ordinary  food  solution 
used  for  water- culture 
experiments,  but  di- 
luted with  water,  and 
sow  in  them  a  few 
seeds  of  Raphanns 
Hativns  or  other  plants 
(with  special  success 
I  expeiiraent«d  with 
Lepidium  sativuni). 
When  the  cotyledons 
have  folly  developed, 
theseedlings,  in  whose 
cotyledons  we  can 
easily  detect  large 
qnantities  of  starch, 
are  placed  in  the  ap- 
paratus represented 
ta  Fig.  IS.     The  glass 
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dish  (a  contains  mercnry,  over  which  we  ponr  a  thin  layer  of 
water,  or  we  may  nse  water  alone  instead  of  the  mercnry.  The 
glass  dish  &*  contains  strong  potash  solution,  and  in  it  is  a  slab 
of  glass  on  wliich  stands  the  flower  pot  with  its  plants.  The 
bell-glass  Q(jl  is  placed  over  the  seedlings  with  its  rim  dipping 
into  the  mercury  or  water.  The  tubulnre  of  the  bell-glass  is  fitted 
with  a  cork,  through  which  passes  a  bent  glass  tube  connected  up 
with  the  U-shaped  tube  IT,  containing  pieces  of  pumice  stone 
soaked  with  potash  solution,  together  with  small  pieces  of  caustic 
potash.  If  we  expose  the  apparatus  to  the  light  for  about  two 
days  (preferably  to  direct  sunlight,  at  least  periodically),  the 
cotyledons  become  starch -free.  If  we  now  place  the  pot  and 
plants  in  the  window  again,  apart  from  the  apparatus,  considerable 
quantities  of  starch  quickly  collect  afresh  in  the  green  cells  of  the 
cotyledons.* 

If  we  wish  to  cultivate  plants  for  a  long  time  in  an  atmosphere 
free  from  Carbon  dioxide,  it  is  well  to  proceed  as  follows,  so  as  to 
prevent  too  great  and  injurious  accumulation  of  moisture  in  the 
air  under  the  bell-glass.  We  use  a  very  large  bell-glass.  This  is 
dipped  into  mercury  covered  with  a  layer  of  olive  oil,  or  we  may 
employ  a  bell-glass  with  a  well-ground  rim,  and  place  this  on  a 
rongh  ground  glass  plate,  the  junction  being  made  air-tight  by 
smearing  with  a  mixture  prepared  by  melting  together  3  to  4  parts 
of  lard,  and  1  part  of  wax.  This  mixture  may  be  preserved  in  a 
closed  vessel,  protected  from  dust,  and  may  often  be  employed, 
even,  c.^.,  in  experiments  with  the  air-pump.  The  apparatus  is 
put  together  as  represented  in  Fig.  18.  Vessels  containing 
Calcium  chloride  may  also  be  introduced  in  order  to  reduce  still 
further  the  moisture  of  the  air. 

The  fact  determimed  by  Moll  •  is  very  interesting,  viz.,  that  in 

many  cases  a  piece 
of  leaf  produces  no 
starch  in  air  free 
from  Carbon  di- 
oxide, although  it  is 
still  in  organic  con- 
nection with  another 
portion  of  the  same 

Fia.  10.— Ap{)aratuB  for  experimenting  on  assimilation.        leaf   which  being  in 
(After  Moll.)  .     '         „  ,.   J 

air     well     supplied 
with  Carbon  dioxide  is  vigorously  assimilating.     We  experiment 
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as  follows :  Two  crystallising  glasses  are  selected  (see  Fig.  19,  a 
and  a'),  whose  well-ground  edges  fit  closely  wben  put  together. 
The  edges  of  the  glasses  are  now  smeared  with  tallow,  and  starch- 
free  leaves  of  Cncnrbita  Pepo  or  Vitis  vinifera  taken  from  shoots 
which  have  been  kept  in  the  dark  for  some  time,  so  that  they  are 
starch-free,  are  placed  between  the  edges  in  such  a  way  that  the 
tip  of  the  leaf  h  is  within  the  closed  space,  the  base  of  the  leaf 
and  the  leaf-stalk  being  outside.  The  lower  glass  contains  potash 
solution.  By  gentle  pressure  the  space  between  the  glasses,  say 
600  c.c,  is  made  air-tight.  The  leaf-stalk  dips  into  a  small  vessel 
containing  water.  The  whole  apparatus  is  now  placed  under  a 
large  calibrated  bell-glass  of  about  4,000  c.o»  capacity.  It  rests  on 
flat  pieces  of  marble,  and  dips  into  water.  By  means  of  the  bent 
tube  -B,  we  suck  up  into  the  bell-glass  200  c.c.  of  water,  and  then 
lead  in  pure  Carbon  dioxide  to  replace  this  quantity  of  wat-er. 
The  apparatus  is  now  exposed  for  a  few  hours,  possibly  shaded,  to 
direct  sunlight.  It  is  found,  finally,  that  the  portion  of  the  leaf 
kept  in  the  air  charged  with  about  5  per  cent,  of  Carbon  dioxide, 
is  very  rich  in  starch,  while  no  starch  is  produced  in  the  terminal 
part  of  the  leaf. 

Experiments  to  demonstrate  that  conditions  of  tempej?ature 
infiuence  the  formation  of  starch  in  the  chlorophyll  are  best  con- 
ducted in  autumn  or  winter.  Elodea  plants  freed  from  starch  by 
being  kept  for  some  time  in  the  dark,  are  placed  in  spring  water 
in  two  rooms  having  the  same  aspect.  One  room  is  kept  at  a 
temperature  of  about  6*^0.,  the  other  at  a  temperature  of  about 
20°  C.  The  temperature  of  the  water  in  the  one  case  is  kept 
constant  at  6°  C.  (if  necessary  by  introducing  fragments  of  ice),  in 
the  other  case  at  20°  (if  necessary  by  adding  warm  water).  From 
time  to  time  (say  every  30  minutes)  we  test  the  leaves  for  starchy 
and  find  that  although  the  plants  have  been  exposed  to  similar 
conditions  of  illumination,  larger  quantities  of  starch  have  formed 
more  rapidly  at  the  higher  temperature  than  at  the  lower.^ 


1  See  Oodiewski,  Flora,  1873,  p.  382. 

<  See  Moll,  LandtcirthschaftL  Jahrb,^  Bd.  6,  p.  345. 

3  Literature  reBpeeting  starch  formation :  Sachs,  Botan.  Ziituntj,  18G2,  Nr. 
44;  the  same,  1864,  Nr.  33 ;  Arbeitend.  botanischen  Imtituts  in  Wur2hurg,Bd, 
3,  H.  1 ;  G.  Kraus,  Pringtheim't  Jahrbiicher,  Bd.  7,  p.  511 ;  Nagamatsz, 
Beitrdge  zur  Kenntnist  d.  Chlorophyllfanctiony  Diuertation,  Wurzbitrg^  1886. 
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17.    The  Stomata  and  AEainulation. 
R«cent   researches  of   Stalil  clearly  indicate  that  the  Carbon 
dioxide  required  ia  assimilation  enters  the  leaf  aadcr  normal  cir- 
cumstances   throagh    the   stomata  (the   case    is   different   if   the 
quantity  of  Carbon  dioxide  in  tUe  air  sur- 
rounding the  plants  is  increased),  and  that  at 
most  only  traces  of  the  gas  find  their  way 
into  the  interior  of  the  tisanes  through  the 
cuticularised  membranes.     I  repeated  Stahl's 
experiments    with    cut    twigs    of    Iionicera 
tatarica,  and  pot  plants  of  Phaseolns  multi- 
floruB.     The    material    was    first    kept    for 
twenty-fonr  hours    in  the  dark;  the  leaves 
had  by  this  time    become  free  from  starch. 
Kow  a  few  of  the  leares,  without  being  cut 
off,    were  painted   on  one  half  of  the  lower 
side  with   a  warmed  mixture  of  1  part  wax 
and  3  parts  cacao  butter,  in  order  to  close 
p™nM^»T7r"^XM    ^""^    stomata,    and  then  at  once   exposed  to 
hnif  bM  iwen  imearad     the  Sunlight.     It  is  advisable  to  leave  on  the 
■n^"d""'''  ""^  *"'i^'^     twigs  or  rooted  plants  only  a  few  leaves  so 
mada  from  inairrimi  ml.,    that  they  transpire  feebly  and  do  not  wither. 
(^raish*)'"^'"'  '*"■     After  4  to  6  hours  the  leaves  are  dipped  into 
cold  spring  water,  the    crust  of  fat  is  dis- 
solved from  their  under  sides,  and  after  extraction  with  alcohol 


they  are  submitted  to  the  lodir 
whose  stomata  were  sealed,  h 
assimilation  in  the  other  halvi 
normally  (see  Fig.  20). 

If  the  npper  surface  of  the  le 
the  assimilation  is  not  much 
Carbon  dioxide  pass  into  the 
stomata  of  the  lower  sui'face. 


B  test.  The  portions  of  the  leaves 
we  formed  no  starch,  while  the 
s  of  the    leaves    has    taken    place 

ives  is  coated  with  the  cacao  wax, 
■educed,  since  large  quantities  of 
interior  of  the  leaf  through  the 
This  expenment  at  the  same  time 
t  does  not  in  itself 


teaches  that  the  pi-esence  of  the  coating 
in  any  way  injure  the  leaf. 

We  cut  twigs  of  Lonicera  tatarica,  Syringa  vulgaris,  or  Sambucns 
nigra,  and  place  them  for  twenty-four  hours  in  the  dark  to  deprive 
them  of  starch.  Small  fragments  are  removed  from  some  of  the 
leaves,  and  it  is  determined  that  starch  is  absent.  When  this  is  the 
case  we  cut  a  few  leaves  from  the  twigs,  and  divide  them  into  halves, 
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by  a  cat  running  alongside  the  midrib.  The  halves  provided  with 
midrib  are  at  once  placed  in  a  moist  atmosphere  under  a  bell- 
glass,  in  order  to  keep  them  turgescent;  the  cut  surface  of  the 
leaf- stalk  dips  into  water.  The  other  halves  are  placed  in  a 
poorly  lighted  part  of  the  room  till  they  have  become  somewhat 
limp.  Both  sets  are  now  placed  in  a  ventilated  glass  receptacle, 
the  former  with  their  stalks  still  in  water,  and  exposed  to  direct 
Hunlight.  In  order  to  prevent  undue  warming,  we  interpose  in 
the  path  of  the  sun's  rays  a  parallel- walled  glass  vessel  containing 
water.  After  they  have  been  isolated  for  about  three  hours,  the 
Iodine  test  is  applied  to  the  objects.  The  limp  halves  have  formed 
no  starch,  the  othei*s  kept  fresh  have  formed  large  quantities  of  it. 
The  withering  in  this  case — and  the  like  is  to  be  observed  in  very 
many  plants — has  caused  the  stomata  to  close,  and  consequently 
the  admission  of  Carbon  dioxide  and  activity  of  assimilation  has 
practically  been  brought  to  an  end.  If  we  experiment  with 
halved  leaves  of  Hydrangea  hortensis  we  find  that  even  the  limp 
halves,  if  not  too  far  gone,  also  produce  starch  in  the  sunlight.  In 
this  plant  namely  the  stomata  do  not  close  when  the  tissue  withers. 

We  grow  seedlings  of  Zea  Mais,  some  in  normal  food  solution, 
others  in  a  food  solution  to  which  we  have  added  0*5  per  cent,  of 
common  salt.  The  former  thrive  well,  while  the  latter,  althongh 
their  tissues  do  not  undergo  any  striking  changes,  are  completely 
i-etarded  in  their  development.  In  the  leaves  of  the  former  large 
quantities  of  starch  and  glucose  can  easily  be  detected ;  the  latter 
are  completely  wanting  in  these  substances.  (The  examinations 
for  starch  and  sugar  are  to  be  made  when  the  plants  are  a  few 
weeks  old.) 

These  facts,  first  established  by  Schimper,  find  their  explanation, 
as  Stahl  found,  in  the  fact  that  the  Maize  plants  which  take  up 
Sodium  chloride  do  not  assimilate,  since  their  stomata,  owing  to 
the  influence  of  the  salt,  close.  The  absorption  of  Carbon  dioxide 
by  the  plants  is  then  inadequat'C.  By  means  of  the  Cobalt  test 
which  will  be  fully  discussed  in  the  section  on  Transpiration,  the 
closure  of  the  stomata  can  in  fact  be  easily  determined.^ 


'  See  Stahl,  Botan.  Zeiiung^  1894 ;  Nagamatsz,  in  Arleiten  d.  botan,  Irutituts 
in  JViirzburg,  £d.  3 ;  Schimper,  Sitzungsber.  d,  Akadem.  d.  Wist,  zu  Berlin^ 
1890,  Sitzung  Y.,  31  July. 
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II.— THE  PRODUCTION  OF  PROTEIDS  IN  PLANTS. 

18.    The  Nitrogenous  Food  of  Lower  Organisms. 

It  is  very  important  to  prove  that  the  cells  of  many  plants  have 
the  power  of  prodacing  nitrogenous  organic  bodies,  e.g.  proteids, 
from  non-nitrogenoas  organic  substances  {e.g,  sugar)  and  nitro- 
genous inorganic  material.  We  experiment  with  yeast  (Saccharo- 
myces  cerevisiae).^ 

We  take  three  flasks,  a,  b,  c,  of  about  200  c.c.  capacity.  In  a  we 
place  100  c.c.  of  distilled  water,  in  b  100  c.c.  of  Pasteur's  food 
solution  (1,000  parts  by  weight  of  this  solution  consist  of  888 
parts  of  water,  150  parts  of  grape-sugar,  or  sugar  candy  [in  my 
experiments  I  mostly  used  the  latter,  since  it  is  more  readily  ob- 
tained pure  than  grape-sugar],  10  parts  of  Ammonium  tartrate, 
0*2  parts  of  Magnesium  sulphate,  0*2  parts  of  Calcium  phosphate, 
and  2  parts  of  acid  Potassium  phosphate)  * ;  in  c  100  c.c.  of  a 
fluid  having  the  same  composition  as  Pasteur's  solution,  except 
that  it  contains  no  Ammonium  tartrate.  After  plugging  the 
mouths  of  the  flasks  with  cotton  wool,  we  boil  the  three  fluids  for 
some  time,  in  order  to  sterilise  them  as  completely  as  possible, 
and  after  allowing  to  cool  remove  the  plugs  for  an  instant,  and 
introduce  a  small  quantity  of  yeast  into  the  fluids.  We  use  1  or 
2  c.c.  of  yeast-containing  fluid  (see  Appendix).  The  vessels, 
closed  with  cotton  wool,  are  exposed  to  a  temperature  of  about 
25°  C.  and  put  aside  either  in  darkness  or  in  the  light,  but  fre- 
quently agitated.  The  fluid  in  b  rapidly  becomes  very  turbid, 
and  very  many  new  yeast  cells  are  produced,  which  settle  in  a 
mass  at  the  bottom.  The  fluids  in  a  and  c  either  do  not  be- 
come turbid  at  all,  or  very  slightly.  Since  it  is  very  difficult  to 
free  yeast  of  all  foreign  substances,  multiplication  may  possibly 
go  on  to  a  very  slight  extent  in  a  and  c,  but  at  all  events  the 
copious  multiplication  which  takes  place  in  b  (as  may  be  more 
exactly  determined  by  filtering  and  then  drying  and  weighing  the 
yeast  obtained)  shows  that  here  alone  are  the  normal  life  condi- 
tions of  the  fungus  fulfilled.  The  formation  of  new  cells  would 
necessitate   the  elaboration   of   nitrogenous    organic    substances, 

*  According  to  the  researches  of  Molisch,  fangi  also  require  for  normal  de- 
velopment to  be  supplied  with  iron.  Generally  sugar  contains  a  certain  quantity 
of  iron.  To  make  quite  sure,  however,  we  may  add  to  the  Pasteur's  solution 
001  per  cent,  of  Ferric  sulphate. 
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since  the  protoplasm  of  the  cells  is  of  course  rich  in  such  bodies, 
and  only  non-nitrogenous  organic  substances  and  ammonia  have 
been  employed. 

While  the  higher  plants  can  readily  utilise  Nitric  acid  for  the 
formation  of  proteids,  the  yeast  cell  is  not  in  a  position  to  make 
use  of  it.  If  we  replace  the  Ammonium  tartrate  of  Pasteur's  food 
solution  by  Potassium  nitrate,  and  add  yeast  cells  to  the  fluid,  the 
fungus  behaves  exactly  as  it  does  in  a  solution  to  which  no  nitro- 
genous substances  at  all  have  been  added.  On  the  other  hand,  by 
experiments  in  which  we  replace  the  Ammonium  tartrate  of  the 
Pasteur's  solution  by  peptone,  we  can  ascertain  that  this  last 
body  is  a  more  favourable  source  of  Nitrogen  for  the  yeast  plant 
than  ammonia. 

That  not  only  yeast  cells  but  also  other  organisms  not  possess- 
ing chlorophyll  can  prepare  proteids  from  sugar  and  ammonia  can 
readily  be  determined.  Two  small  vessels,  a  and  6,  are  pro- 
cured. Into  a  we  pour  25  c.c.  of  Pasteur's  solution,  into  h  25 
c.c.  of  a  fluid  of  similar  composition  except  that  the  Ammonium 
tartrate  is  absent.  We  now  place  both  vessels  under  a  bell-glass, 
and  let  them  stand  for  about  eight  days.  The  fluid  in  a  very 
soon  becomes  turbid,  owing  to  copious  development  of  bacteria. 
Other  organisms  also  may  appear  (in  my  experiments,  for  example, 
the  red  Saccharomyces  glutinis).  The  fluid  in  b  becomes  only 
slightly  turbid  since  there  is  no  source  of  Nitrogen.  Feeble  indi- 
cations of  the  life  of  the  germs  which  are  present  may  appear, 
since  the  fluid  may  perhaps  absorb  some  ammonia  from  the  air. 


^  See  A.  Mayer,   Untertuchnngen  iiber  die  cdkoholische  Gdhrung^  1868,  and 
Lehrbuch  der  GdhrungtchenUe^  lb 74,  p.  108. 


19.    Can  Seedlings  Make  Use  of  the  Free  Nitrogen  of  the 
Atmosphere  for  the  Formation  of  Proteids  1 

Plant  cells  can  produce  proteids  from  non-nitrogenous  organic 
material  and  nitrogenous  inorganic  compounds  (Nitric  acid  and 
ammonia).  It  is  another  question  whether  free  atmospheric  Nitro- 
gen can  be  employed  for  the  same  purpose,  and  this  question  is 
not  only  of  theoretical  but  also  of  great  practical  interest.  We 
first  of  all  make  experiments  which  teach  that  seedlings  under 
particular  conditions  neither  take  up  free  Nitrogen  nor  experience 
loss  of  Nitrogen  in  their  development. 
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Pea  and  wheat  plants  are  very  suitHble  as  research  material. 
We  lirat  provide  oaraelves  with  well  developed  and  thoroughly 
good  seeds,  and  determine  their  dry  weight  aod  also  the  quantity 
oE  Nitrogen  they  contain.*  A  few  wheat  gr-ains  (say  30)  or  pea 
seeds  (say  6)  are  accurately  weighed.  From  their  weight  we  cau 
easily  determine  the  quantity  of  Nitrogen  they  contain  on  the 
basis  of  the  Niti-o^ren  estimations  above  mentioned.  The  ob- 
jects are  placed  in  a  small  glass  dish  with  a  little  freshly  prepared 
distilled  water.  The  dish  is  left  for  about  twenty-four  hours 
under  the  belUglaas  of  the  apparatus  to  be  described  immediately, 
and  at  the  end  of  this  period  the  small  quantity  of  water  still  left 
is  poured  off  from  the  seeds  and  evaporated  to  dryness  in  a  porce- 
lain dish  on  the  watoi^bath.  The  dish  with  the  residue  is  placed 
in  a  dessicator.  The  soaked  seeds  are  now  brought  to  further 
development  in  the  apparatus  represented  in  Fig.  21.  On  a 
ground  glass  plate  stands  a  beaker  B,  over  the  top  of  which  ia 
bonnd  a  piece  of  netting  or  a  piece  of  perforated  pai-chment  paper. 
The  beaker  contains  a  food  solution  made  with  freshly  prepared 
distilled  water,  and  in  which  are  present  al!  the  food  stuffs  except 
%  (see  22).  The  seeds  are  placed  on  the 
netting  or  parchment 
paper,  in  place  of  which 
we  may  use  a  perforated 
silver  plate,  so  that  the  de- 
V eloping  roots  grow  down 
into  the  food  eolation.  The 
ground  edge  of  the  very 
large  bell  -  glass  Q  is 
cemented  perfectly  air- 
tight to  the  ground  glass 
plate.  This  is  besteffected 
by  means  of  a  cement  pre- 
pared by  melting  together 
1  part  of  wax  and  3  to  4 
parts  of  lard.  The  bell- 
glass  may  also  be  closed 
below  by  placing  it  in  a 
large  dish  of  mercory.  The 
mercurj-  must,  however, 
be  covered  with  water  so 
ledlings   from  the  vapour   of  the 


Nitric  acid  a 


as  to  prevent  injury  to   the 
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mepcnry.  Ifc  is  often  advisable  also  not  to  place  the  swollen  seeds 
at  once  on  the  covering  of  the  beaker,  bat  first  let  them  germinate 
under  the  bell-glass  on  moist  wool.  The  tubulure  of  the  bell-glass 
is  provided  with  a  2-holed  rubber  stopper,  through  which  pass 
the  two  tubes  a  and  fe,  both  bent  at  right  angles.  Through  a 
is  led  atmospheric  air,  which  however  has  first  been  freed  from  all 
nitrogenons  compounds,  and  again  saturated  to  some  extent  with 
aqueous  vapour.  For  this  purpose  the  air  before  it  passes  into  a, 
is  led  through  a  series  of  wash  bottles,  of  which  the  first  oontains 
a  solution  of  Sodium  bicarbonate,  the  second  pumice  stiOne  soaked 
with  Sulphuric  acid,  and  the  third  water.  The  tube  h  is  con- 
nected up  with  an  aspirator,  but  it  is  well  to  interpose  between 
this  and  h  another  small  bottle  containing  Sulphuric  acid,  so  that 
the  air  under  the  bell-glass  is  not  in  direct  communication  with 
the  atmosphere  at  all.  (Respecting  the  method  of  using  the 
aspirator,  see  the  section  on  Respiration.) 

If  a  continuous  slow  stream  of  air  is  led  through  the  apparatus 
from  the  time  the  seeds  are  set  to  soak,  the  plants  being  exposed 
to  bright  diffuse  light,  they  develop  as  well  as  is  possible  in  ab- 
sence of  Nitric  acid  and  ammonia.  The  experiments  are  carried 
on  for,  say,  fourteen  days  or  even  longer,  air  being  passed  through 
the  apparatus  day  and  night  during  the  whole  time.  It  is  then 
necessary  to  determine  the  quantity  of  Nitrogen  contained  in  the 
seedlings  produced.  The  plants  are  reduced  to  a  pulp  in  a  porce- 
lain dish.  The  weight  of  the  dish,  and  also  that  of  a  glass  rod 
used  for  stirring  the  pulp  must  be  determined.  We  then  place 
the  dish  on  a  water  bath  and  add  to  it  the  balance  of  the  food 
solution,  evaporated  to  a  small  bulk,  in  which  the  roots  of  the 
plants  developed,  together  with  the  residue  from  the  soaking 
water  and  from  the  water  used  for  washing  out  the  glass  wool  on 
which  the  seeds  may  have  been  germinated.  When  the  mass  in 
the  dish  has  become  fairly  dry,  it  is  placed  for  some  time  in  a 
drying  chamber  at  a  temperature  of  about  50°  C.  The  dish, 
loosely  covered,  is  then  expo.sed  to  the  air  for  twenty-four  hours. 
We  ascertain  the  weight  of  its  air-dry  contents,  and  then  at  once 
determine  the  corresponding  dry  weight.  Nitrogen  determina- 
tions are  also   to   be  made.*      If   we   now  finally   compare   the 

*  In  estimating  the  Nitrogen  in  the  whole  of  the  research  material,  it  is  speci- 
ally desirable  to  dry  the  macerated  seedlings,  together  with  the  residues  from 
the  soaking  water  and  food  solution,  in  Hoffmeister  dishes  (to  be  obtained  of 
Mnencke,  in  Berlin). 
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amoutit  of  Nitrogen  in  the  seeds  ased  with  that  in  the  plants  ob- 
tained, we  shall  find,  provided  the  experiments  have  been  carefully 
carried  oat,  that  the  differences  are  at  most  snch  as  are  dae  to 
small  errors  of  experiment.  The  plants  are  not  in  a  position, 
under  the  conditions  specified,  to  utilise  the  free  Nitrogen  of  the 
atmosphere  for  the  formation  of  proteids.* 

Similar  experiments  are  to  be  made  if  we  desire  to  satisfy  our- 
selves that  seedlings  vegetating  in  darkness  neither  take  up  free 
Nitrogen  from  the  air  nor  suffer  loss  of  Nitrogen.  We  have  only 
to  take  care  that  the  seedlings  are  not  exposed  to  rays  of  light.^ 


^  Go  Nitrogen  determinations  according  to  the  methods  of  Damas  and  Kjel- 
dahlf  with  the  mode  of  preparing  the  necessary  normal  acids,  etc.,  see  Eonig, 
Anleitung  zur  Untemuchung  landwirthsekaftl.  wichtiger  Stoffe^  1891,  pp.  150  and 
682,  and  Fresenius,  Quantitative  Analysis. 

'  This  fact  has  been  particnlarly  determined  by  Boussinganlt  (see  Compt. 
rend,,  T.  39,  p.  601). 

'  I  have  collected  together  my  own  results  and  those  of  other  observers  on 
this  subject  in  my  Vergleichenie  Phgsiologie  des  Keimiingsprozesses  der  Samen, 
1890. 


20.    Bacterium  Badicicola  and  the  Papilionaces. 

The  question  of  the  significance  of  free  Nitrogen  as  food  for 
plants  has  frequently  been  experimentally  investigated.  Till 
recently,  bearing  in  mind  the  results  of  Boussingault*s  researches 
and  those  of  other  investigators,  scientists  in  general  held  the 
view  that  plants  were  unable  to  employ  elementary  Nitrogen  in 
the  process  of  nutrition.  The  conditions  under  which  Boussin- 
gault's  experiments  were  made  actually  excluded  the  possibility, 
as  we  now  know,  of  free  Nitrogen  being  worked  up  in  the  cells. 
Under  other  conditions,  however,  the  process  can  take  place,  and 
the  great  honour  of  having  determined  this  with  certainty  be- 
longs especially  to  Hellriegel.^ 

To  obtain  general  information  we  make  the  following  experi- 
ment, which,  however,  can  only  be  conducted  during  the  warmer 
part  of  the  year. 

A  number  of  cylinders  24  cm.  in  height  and  14  cm.  in  diameter, 
capable  of  holding  about  4-5  kg.  of  sand,*  are  covered  at  the 
bottom  to  a  depth  of  3  cm.  with  washed  and  ignited  fragments  of 

*  In  my  experience  good  results  are  also  obtained  with  cylinders  holding  only 
2}  kg.  of  sand. 
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quartz.     On  this  we  put  a  thin  layer  of  unsized  cotton  wool,  and 
fill  the  cylinders  with  a  quartz  sand,  the  particles  of  which  are 
mostly  0*2-0'4  mm.  in  diameter.*     Before  being  filled  into  the 
cylinder,  the  sand  is  prepared  as  follows: — Every  kilogramme  of 
dry  sand  to  be  used  is  mixed  with  4  gr.  of  Calcium  carbonate, 
0*150  gr.  of  Potassium  phosphate,  0070  gr.  of  Potassium  chloride, 
0*070  gr.  of  Magnesium  sulphate  (the  last  three  salts  dissolved  in 
150  c.c.  of  water)  and  a  little  phosphate  of  iron.     The  sand  is  now 
in  the  moist  state  crumbled  into  the  cylinders  and  gently  pressed 
down  from  time  to  time.      The  same  quantity  of  sand  is  intro- 
duced into  each  cylinder.     For  investigation  we  select  oats  arid 
peas.     The  seeds  must  be  very  normal  and  of  medium  weight. 
They  are  germinated  between  folds  of  blotting-paper,    and   the 
seedlings  are  put  into  the  sand,  twelve  oat  seedlings  or  six  pea  seed- 
lings to  each  cylinder.    After  a  time  we  remove  six  out  of  every  set 
of  twelve  oat  seedlings,  and  three  out  of  every  six  pea  seedlings, 
taking  great  care  that  remnants  of  seed  and  roots  are  not  left 
behind  in  the  sand.     The  cylinders  are  now  left  with  six  of  the 
best  developed  oat  seedlings  or  three  pea  seedlings.     The  latter 
are  at  once  provided  with  supports.     The  cylinders  are  set  in  a 
sunny  position  in  the  garden,  being  brought  under  cover  only  in 
rain  or  strong  wind,  or  on  very  hot  days.     Every  day  the  cylin- 
ders are  weighed,  and  the  water  lost  by  evaporation  is  replaced. 
Besides  the  cylinders  whose  sand  did  not  receive  any  admixture 
of  nitrogenous  compounds,  we  prepare  others  in  which  we  further 
add  to  the  sand  200  gr.,  1*50  gr.,  100  gr.,  050  gr.,  or  010  gr.  of 
Calcium  nitrate.f     In  the  course  of  the  summer  it  is  foand  that 
the  oats  unprovided  with  Calcium  nitrate  thrive  at  best  poorly, 
while  the  power  of  elaborating  material  grows  considerably  with 
increase  in  the  quantity  of  nitrate  in  the  soil,  and  keeps  pace  with 
this  increase.     In  the  pea  cultures  on  the  contrary  no  exact  rela- 
tion is  perceptible  between  the  quantity  of  nitrate  present  and 
the  capacity  for  growth,  indeed  it  appears  that  the  peas  develop 
very  vigorously  even  when  nitrates  are  absent  from  the  soil.     By 
comparing  the  dry  weight  of  the  plants  obtained  with  the  dry 
weight  of   the  seeds,  we  arrive  at  still  more  exact  information 

*  A  very  siutable,  double-washed  Tertiary  quartz  sand  from  the  Saxony 
Oberlansitz,  which  contains  so  little  Nitrogen  that  it  may  be  neglected,  is  to  be 
obtained  of  the  firm  H.  Weiohelt  &  Co.,  Vereinigte  Hohen-Bockaer  Glassand- 
gmben,  Dresden. 

t  These  quantities  are  not  per  kilogramme  of  sand,  but  per  cylinder. 
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as  to  the  growth  capacity  of  the  plants  under  the  conditions  de- 
scribed. If  we  estimate  the  Nibi*ogen  in  the  dry  sabstance  (best 
by  the  well-known  Kjeldahl  method),  we  find  among  other  things 
that  the  peas  grown  in  nitrate-free  soil  often  contain  large  quan- 
tities of  Nitrogen,  while  the  oat  plants  grown  in  nitrate-free  soil 
are  at  most  only  a  few  milligrammes  richer  in  Nitrogen  than  the 
seeds  sown. 

The  peas  (and  other  PapilionacesB,  e.g.  lupins,  beans,  etc., 
behave  in  a  similar  manner),  as  we  may  already  conclude  from 
consideration  of  the  results  of  these  preliminary  investigations, 
are  able,  in  absence  of  nitrates  from  the  soil,  to  utilise  elementary 
Nitrogen  for  proteid  formation.  Oat  plants  and  very  many  others 
cannot  do  this.  Our  pi-esent  experiments,  it  is  true,  do  not  settle 
this  latter  point  with  absolute  certainty;  but  we  must  pass  by 
experiments  which  are  thoroughly  conclusive,*  and  proceed  to  in- 
vestigate still  farther  the  behaviour  of  the  Papilionaceaa  towards 
elementary  Nitrogen. 

A  number  of  glass  cylinders  of  the  dimensions  above  given  are 
provided  with  quartz  sand  and  food  solutions,  etc.,  but  without 
addition  of  Calcium  nitrate.  The  vessels  are  first  carefully 
cleansed  with  sublimate-solution  (1:1000),  and  then  rinsed  out 
with  alcohol.  The  quartz  and  cotton  wool  are  heated  to  150°  C. 
in  the  drying  chamber  before  being  introduced  into  the  cylinders. 
The  sand,  mixed  with  Calcium  carbonate  in  the  quantity  already 
specified,  is  heated  in  a  large  sand-bath  for  two  to  three  hours  to 
about  180°  C,  and  filled  into  the  cylinders  while  still  warm.  We 
now  add  to  it  the  food  solution,  this  having  first  been  boiled  for  an 
hour  in  a  flask  closed  with  cotton  wool,  and  then  after  two  days 
for  four  hours  in  the  steam  steriliser  •  (to  be  obtained  from  H. 
Rohrbeck,  Berlin.  See  Catalogue,  1887,  p.  9).  The  seeds,  peas, 
are  first  placed  for  two  minutes  in  sublimate  solution  (1 :  1000), 
then  rinsed  with  boiled  water,  and  sown  in  the  sand.  The  surface 
of  the  sand  is  covered  with  sterilised  cotton  wool.  For  watering 
nothing  but  boiled  distilled  water  is  to  be  used.  We  weigh  the 
cylinders  daily,  and  so  determine  the  loss  of  water  by  evapora- 
tion, and  hence  how  much  water  must  be  supplied  to  the  soil. 

One  or  more  of  the  cylinders  receive  no  further  addition.  To 
others  are  added  25  c.c.  of  an  extract  of  fertile  garden  or  field 

*  It  might  be  better  to  put  in  the  quartz  and  moist  sand,  mixed  with  food 
stuffs  and  Calcium  carbonate,  and  then  cover  the  cylinders  with  glass  plates, 
and  sterilise  them  in  the  steam  of  the  steriliser. 
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soil,  in  which  according  to  experience  peas  grow  well.  To  pre- 
pare the  extract  we  shake  up  8  gr.  of  the  soil  with  100  c.c.  of 
water,  and  allow  to  stand  till  the  greater  part  of  the  sand  and 
claj  has  settled,  which  often  takes  several  hoars.  It  mast  be 
observed  that  the  quantity  of  combined  Nitrogen  in  such  an  ex- 
tract is  so  slight  that  it  maj  be  neglected  in  our  investigation. 
Finally  to  the  sand  in  a  few  cylinders  is  added  soil-extract  (again 
25  c.c),  which  has  previously  been  sterilised  by  protracted  boil- 
ing. 

The  culture  vessels  are  placed  in  a  room  with  a  south  aspect, 
the  windows  of  which  are  kept  closed.  It  is  still  better  to  con- 
duct the  cultures  in  a  special  small  plant  house  which  is  not 
employed  for  the  cultivation  of  other  plants. 

The  experiments,  if  carefully  made,  show  that  all  the  seedlings 
at  first  grow  normally.  After  three  to  four  weeks,  however,  they 
manifestly  get  into  a  state  of  hanger.  The  plants  in  the  cylin- 
ders without  soil-extract  and  with  sterilised  extract  do  not  re- 
cover, bat  henceforth  gain  a  bare  existence.  Their  dry  weight  at 
the  end  of  the  experiments,  say  after  three  to  three  and  a  half 
months,  is  very  slight,  and  Nitrogen  estimations  show  that  they 
contain  little  or  no  more  Nitrogen  than  the  seeds  sown.*  The 
hunger  stage  is  soon  passed  by  the  plants  provided  with  ansteril- 
ised  soil -extract.  They  thrive  vigorously,  develop  ripe  fruits  and 
seeds  (this  takes  place  with  peas  in  closed  spaces  from  which  in- 
sects are  excladed),  and  produce  large  quantities  of  proteid. 

Peas,  and  the  PapilionacejB  in  general,  have  therefore  the  ex- 
ceedingly remarkable  power  of  producing  proteid  in  large  quanti- 
ties, although  nitrogenous  compounds  are  absent  from  the  soil  in 
which  they  are  growing.  In  the  Gramineoe,  as  also  in  many  other 
plants,  this  capacity  is  entirely  wanting;  they  thrive  normally 
only  when  nutriment  in  the  form  of  nitrogenous  compounds  stands 
at  their  disposal.  The  Papilionacese  must  be  in  a  position  to 
utilise  free  atmospheric  Nitrogen  for  proteid  formation,  and  this, 
as  we  shall  see,  can  only  come  about  through  the  intervention  of 
bacteria.* 

If  shortly  before  the  time  of  blooming,  or  during  this  period,  we 
ix)ot  up  a  pea  plant  (the  observations  may  be  made  also  with  other 
PapilionaceaB)  from  the  fertile  soil  in  which  it  is  growing,  we  shall 

*  Any  increase  in  Nitrogen  which  may  appear  is  dae  to  the  sand  not  being 
completely  devoid  of  Nitrogen,  and  to  the  fact  that  the  leave,  as  is  known,  can 
absorb  some  ammonia  from  the  air. 

P.P.  F 
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find  that  its  roots  bear  frequently  a  very  considerable  number 
('f  tnbercleSy  sometimes  of  lai^e  size,  which  at  this  time  are 
generally  rose-red  in  colour.  If  we  examine  our  pea  plants  grown 
in  sand,  we  shall  find  that  only  the  plants  provided  with  un- 
sterilised  soil -extract  have  tubercles  on  their  roots. 

We  now  prepare  median  transverse  sections  of  well-developed 
rose-red  tubercles  from  pea  roots,  and  examine  first  nnder  lower 
and  then  under  higher  magnification.  The  middle  of  the  section 
is  composed  of  a  very  large-celled  tissue,  provided  with  inter- 
cellular spaces,  whose  cells  are  rich  in  plasma.  In  addition  we 
perceive  traversing  this  tissue,  which  is  designated  bacteroid 
tissue,  characteristic  branched  highly  glistening  threads.  To- 
wards the  outside  the  bacteroid  tissue  is  bounded  by  a  layer  of 
parenchyma,  which,  on  account  of  the  starch  contained  in  its 
elements,  may  be  characterised  as  the  starch  layer.  In  this 
parenchyma  run  fibrovascnlar  strands,  which,  as  recent  researches 
have  taught,  are  in  connection  with  the  fibrovascular  bundles  of 
the  roots  bearing  the  tubercles.  It  is  specially  to  be  noted  that  the 
bast  portions  of  the  fibrovascular  strands  are  directed  inwards,  i.e. 
towards  the  bacteroid  tissue,  while  the  wood  is  directed  outwards. 
A  superficial  cortex  is  developed  on  the  tubercles,  which  is  com- 
posed of  several  layers  of  cuticularised  cells. 

If  it  is  desired  to  study  the  developmental  history  of  these 
tubercles  in  the  PapilionacecB,  and  the  phenomena  connected  with 
their  ultimate  emptying,  the  student  is  referred  for  further  infor- 
mation to  Prazmowski's  work  (Versuchsstationerif  Bd.  37,  p.  209), 
since  the  space  at  our  disposal  does  not  permit  us  to  enter  here  on 
this  very  complicated  subject.  It  has  been  found  that  the  highly 
refringent  filamentous  structures  already  mentioned  as  travei'sing 
the  bacteroid  tissue  are  tubes,  which  contain  large  numbers  of 
bacteria.  Bacterium  Radicicola.  This  Schizomycete  occurs  in  the 
soil,  penetrates  the  root-hairs  of  Papilionaceous  plants,  here  forms 
the  tubes,  which  now  grow  into  the  cortex  of  the  roots  and  induce 
the  formation  of  tubercles.  The  tubes  swell,  and  the  bacteria 
present  in  them,  continually  and  copiously  multiplying,  pass  over 
into  the  bacteroid  tissue  of  the  developing  tubercles,  but  after  a 
time  they  lose  their  power  of  dividing,  are  metamorphosed,  and 
form  the  so-called  bacteroids,  dichotomously  branched  corpuscles, 
which  occur  often  in  immense  numbers  in  the  cells  of  the  bac- 
teroid tissue. 

Bacterium  Radicicola,  which  stands  in  a  symbiotic  relationship 
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to  the  PapilionacesB,  is  the  organism  which  at  the  cost  of  elemen- 
tary Nitrogen,  clearly  with  the  assistance  of  the  carbohydrate 
supplied  by  the  PapilionacesB,  produces  proteid.  When  the 
tubercles  empty,  and  the  bacteroids  disappear  from  their  cells, 
the  proteid  passes  into  the  organs  of  the  plants,  and  is  here 
employed  in  nutrition.  If  the  soil  in  which,  e.g.^  peas  are  develop- 
ing contains  no  Nitrogen  compounds,  then  from  what  we  have 
seen  the  development  of  the  plants  is  only  possible  when  the 
roots,  by  infection  with  Bacterium  Badicicola,  come  to  form 
tubercles,  and  for  this  reason  only  those  of  our  objects  exhibited 
considerable  power  of  development  which  grew  in  unsterilised 
soil,  or  in  sterilised  soil  watered  with  fresh  soil-extract. 

For  the  method  of  preparing  pure  cultures  of  Bacterium 
Radicicola,  see  Prazmowski,  Versuchsstationen,  Bd.  37,  pp.  197  and 
199,  and  also  Beyerinck,  Botan.  Zeitung,  1888.  Prazmowski  (see 
p.  198)  has  also  made  investigations  which  teach  that  bacteria 
taken  from  pure  cultures  induce  formation  of  tubercles  on  the 
roots  of  peas  when  the  soil  in  which  the  objects  are  growing  is 
infected  with  the  fungus,  while  without  such  infection  tubercle 
formation  does  not  take  place.  Finally  we  find  in  Prazmowski 
(^VersuchsstationeHy  Bd.  38,  p.  20)  directions  for  experiments,  which 
by  a  very  exact  but  also  very  complicated  method  enable  us  to 
prove  that  only  Ba.cterium  Radicicola,  and  no  other  form  of 
Schizomycete,  can  bring  about  the  nutrition  of  Papilionaceas  by 
means  of  elementary  Nitrogen.* 

In  the  course  of  Practical  Plant  Physiology  which  I  conduct  I 
include  experiments  intended  for  general  information  on  the 
nutrition  of  plants  with  free  Nitrogen,  and  proceed  as  follows : — 
Suitable  glass  cylinders  capable  of  holding  about  25  kilo- 
grammes of  sand  are  filled  to  a  depth  of  1-2  cm.  with  ignited 
quartz.  To  every  2*5  kg.  of  the  sand  referred  to  above  are  added 
in  a  large  dish  375  c.c.  of  distilled  water,  0  375  gr.  H2KPO4, 
0-200  gr.  KCl,  0-200  gr.  MgSO^,  10  gr.  Ca  CO3,  together  with 
some  phosphate  of  iron,  and  the  mixture  is  crumbled  into  the 
cylinders.  Each  cylinder  receives  in  addition  10  c.c.  of  soil- 
extract,  prepared  by  treating  10  gr.  of  soil  from  a  pea  field  with 
100  c.c.  of  water.  The  quantity  of  Nitrogen  compounds  in  such 
an  extract  is  so  slight  that  it  may  be  neglected.     Some  cylinders 

*  It  may  farther  be  remarked  that  we  provlBionally  designate  by  the  name 
Bact.  Badic.  not  merely  one,  but  a  whole  group  of  Sohizomyoetes,  which  are  of 
importance  in  the  nutrition  of  the  Papilionaccai. 
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receive  each  four  peas  germinated  in  sawdust,  others  four  oat  seed- 
lings each.  The  cylinders  are  placed  at  a  window  looking  to  the 
south,  and  care  is  taken  to  replace  daily  the  water  lost  by  evapo- 
ration. The  pea  plants  are  supported  by  sticks.  The  peas  having 
survived  the  starvation  stage  already  referred  to,  thrive  well, 
while  the  oats  keep  sickly.  In  cylinders,  however,  in  which  the 
sand  receives  an  admixture  of  0'250  gr.  K  N  O3  over  and  above 
the  substances  above  specified,  the  oats  flourish.  The  reasons  for 
these  differences  in  behaviour  are  found  in  what  has  gone  before. 


*  See  Hellriegel,  Beilageheft  zu  der  Zeitschrift  d.  Vereim  /.  RUbenzucker' 
Industrie  d.  Deuttchen  ReieheSf  November,  1888. 

^  Such  investigations  are  to  be  made  according  to  the  method  of  Boassingault 
(see  Agronomies  i.,  p.  69).    See  also  19,  above. 

^  Regarding  the  nitrogenous  food  of  the  PapilionaoeaB,  GraminefB  and  other 
plants,  I  fully  agree  with  the  views  of  Hellriegel  and  Prasmowski  (see  VersuehB- 
itationen,  Bd.  37  and  88).  Those  of  Frank,  on  the  other  hand  (see  Landwirth- 
tcJmftl.  Jahrhilcher,  and  Boian.  Zeitung^  1898),  I  cannot  share ;  at  all  events 
the  experiments  of  Frank  are  not  thoroughly  convincing. 


21.    The  Detection  of  Ammonia  and  Nitric  Acid  in  Water  and 

in  Plants.    Nitromonas. 

In  order  to  satisfy  ourselves  that  there  occar  in  nature  in- 
organic nitrogenous  compounds  (ammonia,  Nitric  acid)  which 
can  be  utilised  by  plants  in  nutrition,  it  is  well  to  test  water 
(river,  pond,  or  spring  water)  for  both  these  substances.  For 
ammonia  we  employ  Nessler's  solution.  Two  gr.  of  Potassium 
iodide  are  dissolved  in  5  c.c.  of  water,  the  solution  is  heated, 
and  to  it  we  add  rather  more  Mercuric  iodide  than  it  can 
dissolve.  The  solution  after  cooling  is  diluted  with  20  c.c.  of 
water,  filtered  and  treated  with  potash  solution  (30  c.c.  of  potash 
.solution,  consisting  1  part  of  caustic  potash  to  2  parts  of  water, 
is  added  to  20  c.c.  of  the  filtrate).  We  now  fill  two  test-tubes 
with  the  water  to  be  examined,  treat  with  soda  lye,  filter  if 
necessary,  and  add  to  the  water  in  one  tube  about  30  drops  of 
Nessler*s  reagent.  A  comparison  of  the  tint  of  the  fluids  in  the 
two  tubes  shows  whether  ammonia  is  present  or  absent,  because 
in  presence  of  ammonia  the  fluid  becomes  reddish  in  colour.  To 
detect  Nitric  acid  in  water,  a  drop  of  the  water  is  placed  in  a 
white  porcelain  dish,  and  treated  with  2  drops  of  a  solution  of 
brucine  (prepared  by  shaking  up  brucine  in  water).     A  few  drops 
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of  Sulphuric  acid  are  now  added.*  A  red  coloration  indicates 
the  presence  of  Nitric  acid  in  the  water.  To  determine  the 
presence  of  extremely  small  quantities  of  Nitric  acid  in  water, 
we  evaporate  down  a  few  c.c.  of  the  water,  and  then  treat  the 
residue  with  brucine  solution  and  Sulphuric  acid.^ 

The  presence  of  Nitric  acid  in  water  is  also  very  conveniently 
determined  by  evaporating  down  a  few  c.c.  of  the  water  in  a 
porcelain  dish  and  adding  to  the  residue,  by  means  of  a  glass  rod, 
diphenylamine  dis.solved  in  Sulphuric  acid  (0*05  gr.  of  dipheny- 
lamine  dissolved  in  10  c.c.  of  pure  concentrated  Sulphuric  acid). 
A  blue  coloration  is  produced  in  presence  of  Nitric  acid,  owing 
to  the  formation  of  aniline  blue. 

Beetroot  juice  is  fairly  rich  in  nitrates.  If  we  treat  sections 
of  the  root  on  the  slide  with  the  diphenylamine  solution,  they 
become  intensely  blue.*  A  pretty  lecture  experiment  for  de- 
monstrating the  presence  of  nitrates  in  the  root,  is  made  by 
cutting  a  root  in  two,  and  simply  applying  diphenylamine  solution 
to  the  cut  surface.     The  blue  coloration  at  once  appears. 

The  occurrence  of  nitrates  in  plants  has  been  exhaustively 
studied  by  Berthelot  and  Andre,^  and  by  Schimper.*  They  found 
nitrates  very  widely  distributed  in  plants,  and  if  we  cut  sections 
of  the  stem  of  Helianthus,  or  e.g.  leaves  of  Sambucus  nigra,  let 
them  dry  to  some  extent  on  the  slide,  and  then  treat  them  with 
a  drop  of  the  diphenylamine  solution,  the  blue  coloration  in- 
stantaneously appears.  In  most  leaves,  e.g.  those  of  Sambucus 
nigra,  the  nitrates  are  confined  almost  entirely  to  the  nerve 
parenchyma;  in  some  cases,  however  (leaves  of  Tradescantia 
Selloi),  the  mesophyll  is  also  very  rich  in  nitrates.  Nitrites 
which  also  give  a  blue  colouration  with  diphenylamine  and 
Sulphuric  acid,  do  not,  as  far  as  is  at  present  known,  occur  in  the 
living  plant.  It  is  to  be  emphasised  that  the  failure  of  reaction- 
with  diphenylamine  is  not  conclusive  evidence  of  the  absence  of 
nitrates  from  the  tissues  under  investigation,  since  many  sub- 
stances occur  in  plant  cells  whose  presence  would  interfere  with 
the  reliction. 

It  is  of  great  interest  to  establish  the  fact  that  there  exist 
organisms  which  have  the  power  of  converting  ammonia,  occurring 

*  The  Salphnric  acid  mnst,  of  course,  be  free  from  Nitric  acid,  and  not  of 
itself  give  a  red  reaction  with  brucine  solution.  The  acid  may  be  freed  from 
Nitric  acid,  which  may  be  present,  by  boiling  with  a  very  small  quantity  of 
salphur. 
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e.g.  in  the  soil,  into  Nitric  acid.*  This  nitri6cation  is  effected  bj 
a  Schizomycete  known  as  Nitromouas,*  and  there  is  perhaps  no 
soil  which  is  completely  free  from  it. 

We  fill  a  flask  with  100  c.c.  of  a  culture  fluid  containing  to 
every  100  c.c.  of  water  005  gr.  (NH^)^  SO4,  01  gr.  KH^  PO^, 
and  1  gr.  Mg  CO3.  To  the  solution  we  add  a  little  soil  from 
arable  land,  so  as  to  infect  it  with  Nitromonas.  After  about  a 
month,  it  can  be  proved  by  the  diphenylamine  reaction  that  a 
large  quantity  of  Nitric  acid  has  been  formed  in  the  fluid.  The 
solution  remains  clear.  A  thin  skin  forms  on  the  surface  of 
it,  and  in  the  sediment  of  Magnesium  carbonate  are  produced 
zooghjea  forms  of  bacteria,  through  the  mucilaginous  nature  of 
which  the  particles  of  carbonate  are  irregularly  glued  together. 
I  observed  this  particularly  well  in  a  culture  which  had  stood  for 
three  months. 

A  number  of  flasks  are  now  provided  with  culture  fluid  as 
above.  The  flasks  are  closed  with  plugs  of  cotton  wool,  and  the 
solutions  are  sterilised  by  boiling.  After  boiling  for  a  long  time 
we  let  the  solutions  cool,  shake  up  the  previously  prepared 
Nitromonas  culture,  and  infect  each  of  them  with  a  drop  of  it. 
One  flask  is  left  standing  in  the  air ;  another  is  exposed  to  air 
free  from  Carbon  dioxide,  being  placed  in  the  apparatus  described 
and  figured  in  16.  After  some  time,  e.g.  a  month,  it  is  found  that 
vigorous  nitrification  by  the  developing  Nitromonas  is  only  ex- 
hibited in  the  culture  fluid  to  which  atmospheric  Carbon  dioxide 
has  had  access.  The  Carbon  dioxide  of  Magnesium  carbonate 
cannot  be  worked  up  by  this  fungus.  If  culture  fluid  contained 
in  a  flask  provided  with  a  plug  of  cotton  wool  is  sterilised,  no 
formation  of  Nitric  acid  takes  place  in  the  solution  if  it  has  not 
been  infected  with  Nitromonas  germs.  In  all  cases  we  must,  of 
course,  make  sure  that  the  culture  fluid  is  free  from  nitrates  at 
the  commencement  of  the  investigations.  For  this  purpose  we 
transfer  a  drop  of  the  solution  to  a  w^hite  dish,  and  add  to  it 
diphenylamine  dissolved  in  Sulphuric  acid. 

Nitromonas  belongs  to  a  remarkable  class  of  organisms  which 
in  the  dark,  and  without  chlorophyll,  have  the  power  of  producing 
organic  substance  out  of  inorganic  material.  It  is  very  difficult 
and  troublesome  to  afford  a  strict  proof  of  this  assertion,  and 
therefore  we  shall  not  pursue  the  subject  further.     It  is  especially 

*  Nitromonas  is  a  bacterium,  ellipsoid,  and  somewhat  elongated  in  form, 
which  does  uot  produce  filaments. 
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important  to  prepare  first  of  all  absolutely  pure  distilled  water, 
and  food  staffs  which  contain  not  a  trace  of  organic  material. 


'  See  Beiohardt,  Grundlagen  zur  Beurthdlung  dei  Trinkwassert,  1880,  pp. 
154,  143. 

'  See  Moliseh,  Beriehte  d,  Deuttchen  botan.  GeselUchaft,  1  Jahrg.,  p.  150. 

'  See  Bertbelot  and  Andr6,  Annal.  de  chem,  et  de  phytique,  Ser.  6,  T.  8. 

*  See  Schimper,  Botan.  Zeitung,  1888,  p.  120. 

^  Literature  on  Nitrification :  see  especially  SchloBiog  and  Miintz,  Compt. 
rend.,  T.  84,  85,  and  86;  Winogradzki,  Landwirthschaftl.  Jahrbiicher,  Bd.  20, 
p.  175  ;  Qodlewski,  Anzeiger  der  Akad,  d.  Wias.  in  Krakau,  1892. 


22.    Nitric  Acid  as  a  Nutrient  Substance. 

In  the  soil  and  in  water  occur  nitrates  which  can  be  utilised  as 
food  by  the  higher  plants.  That  the  nitrates  can  actually  furnish 
the  Nitrogen  needed  for  the  production  of  proteids  and  the 
normal  development  of  the  plants,  can  be  demonstrated  bj  the 
water-culture  method.  Maize,  oats,  or  buckwheat  may  be  used 
for  the  experiments  (I  used  maize  with  very  good  results).  The 
experiments  are  carried  out  as  described  in  1.  One  or  two  plants 
are  grown  in  a  food  solution,  a,  having  the  composition  given 
in  1.  Others  are  cultivated  in  a  solution  of  similar  com- 
position, but  containing,  in  place  of  Calcium  nitrate,  I  gr.  of 
Calcium  sulphate  per  litre,  6.  The  plants  in  a  developed  very 
normally  in  my  experiments ;  those  in  &,  on  the  other  hand, 
presented  after  a  few  weeks  a  very  distressed  appearance.  (See 
Fig.  22.)  The  lower  leaves  dried  up,  and  the  plants  grew  ex- 
tremely slowly.  They  had  at  their  disposal  only  the  nitrogenous 
reserve  materials  of  the  seed.  They  could  at  most  take  up  only 
small  quantities  of  ammonia  from ,  the  air,  bat  these  were  not 
nearly  sufficient  for  vigorous  development. 

23.    Ammonia  as  Nutrient  Material. 

To  convince  ourselves  that  the  higher  plants  can  utilise  for  the 
formation  of  proteids,  Ammonium  salts  absorbed  by  means  of  their 
roots,  w^e  grow  maize  or  other  plants  in  a  food  solution  having 
exactly  the  same  composition  as  that  given  in  1,  but  containing  in 
place  of  Ca  (N03)2,  ^"^  K^'  ^^  Ammonium  phosphate,  and  0*5  gr. 
of  Calcium  sulphate.  Great  care  mast  be  taken  that  the  reaction 
of  the  solation  does  not  change  much  during  the  experiments,  but 
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ia  kept  thronghont  slightly  acid.  If  we  attend  to  this  point,  the 
plants  floarish  well.  The  following  solntion  may  also  be  strongly 
recommended:  1000  c.c.  of  distilled  water,  015  gr.  Magnesium 
snlphate,  012  gr.  Calcium  chloride,  012  gr.  Potassium  sulphate. 


050  gr.  acid  Ammoniam  phosphate,  and  a  very  little  Ferric 
chloride.  Before  nsing  the  solution,  we  add  ammonia  till  its 
reaction  is  only  slightly  acid.  The  solution  mnst  be  renewed 
frequently,   say  every  five  days.     It  is  a  qaestion  whether  the 
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ammonia  is  not  oxidised  in  the  plant  to  Nitric  acid,  before  being 
ntilised  for  the  formation  of  proteids.  But  still,  the  experiment 
teaches  that  ammonia  can  be  employed  by  the  higher  plants  as 
food.i 


^  See  G.  Euhn  and  Hampe,  Versuchsstationeiit  1867. 

24.    The  Seat  of  Froteid  Formatioii  in  the  Higher  Plants. 

In  the  leaves  large  quantities  of  carbohydrates  are  produced  in 
assimilation.  The  transpiration  current  conveys  to  the  leaves 
nitrates,  and  it  may  hence  be  assumed  that  the  formation  of 
proteids  goes  on  chiefly  in  the  leaves. 

We  prepare  transverse  sections  through  a  mature  leaflet  of 
Trifolium  pratense  (see  Fig.  3).  Within  the  epidermis  we  see  the 
single-layered  palisade  parenchyma,  and  the  many- layered  spongy 
parenchyma.  The  bast  and  wood  of  the  vascular  bundles  are 
easily  recognisable.  The  soft  bast  is  enclosed  on  the  outside  by 
bast  fibres,  and  the  wood  is  similarly  bounded  on  the  outside  by 
strongly  thickened  sclerenchymatous  fibres.  Outside  the  layer  of 
bast  fibres,  and  also  outside  the  thick-walled  cells  encircling 
the  wood,  is  a  single  layer  of  cells,  devoid  .of  chlorophyll,  which 
contain  crystals  of  Calcium  oxalate.  The  crystal  sheaths  only 
cover  the  backs  of  the  strands  of  fibres ;  they  do  not  extend  far 
laterally.* 

Now  since,  as  we  shall  see  in  25,  salts  of  Nitric  acid  (and  also 
of  Sulphuric  acid)  can  be  decomposed  under  the  conditions  obtain- 
ing in  plants  by  the  Oxalic  acid  which  is  so  generally  found  in 
plant  cells,  it  is  not  difficult  to  suppose  that  the  crystals  of  Calcium 
oxalate  referred  to  are  to  be  regarded  as  the  product  of  such 
reactions.  The  Nitric  acid  and  Sulphuric  acid  can  then,  with 
non-nitrogenous  organic  material  formed  in  the  green  cells,  be 
employed  under  the  influence  of  the  protoplasm  for  the  formation 
of  proteids.  With  reference  to  these  questions,  the  following 
observations  and  experiments  claim  particular  attention.'^ 

To  prove  the  presence  of  Calcium  oxalate  in  leaves  (according 
to  my  experience  it  is  very  convenient,  in  order  to  learn  the 
method,  to  use  moderately  young  leaves  of  Humulus),  we  first 
kill  the  specimens  under  investigation  by  dipping  in  hot  water, 
then  extract  them  with  alcohol,  lay  them  in  chloral  hydrate 
solution  (5  parts  of  water  to  8  parts  of  chloral  hydrate),  and 
observe  under  the  polarisation  microscope.     With  crossed  Nicols 
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the  crystals  of  Calcium  oxalate  appear  glistening  white  or  coloured 
on  a  black  ground  ;  with  parallel  Nicols  they  appear  almost  black 
on  a  white  ground.  The  crystals  occur  in  the  cells  in  very  various 
forms.  They  belong  partly  to  the  tetragonal,  and  partly  to  the 
monoclinic  system.^  If  we  lay  the  objects  in  concentrated  Hydro- 
chloric acid,  and  again  observe  under  the  polarising  microscope, 
we  can  easily  make  out  the  gradual  solution  of  the  oxalate. 
Water  and  Acetic  acid  do  not  dissolve  the  crystals. 

Respecting  the  polarising  microscope,  consult  Section  II. 

If  we  examine  by  the  above  method  on  the  one  hand  young 
leaves,  and  on  the  other  old  leaves  of  Ampelopsis,  we  find  in  the 
parenchyma  numerous  bundles  of  raphides,  and,  in  fact,  in  about 
equal  quantities  in  both  cases.  Most  Dicotyledons  behave  quite 
differently,  and  do  not  cairy  the  Calcium  oxalate  in  their  leaves 
in  the  form  of  raphides.  We  examine  e.  g,  young,  just  matured, 
and  older  leaves  of  Alnus  glutinosa,  Ulmns  campestris,  and 
Hnmulus.  In  all  cases  we  take  the  leaves  from  shoots  growing  in 
the  shade,  and  find  that  the  quantity  of  oxalate  in  the  parenchyma 
increases  considerably  with  age. 

If  a  vigorous  pot  plant  of  Pelargonium  is  put  in  a  badly  illumin- 
ated place,  so  that  no  assimilation  can  go  on,  then  we  find  but 
little  Calcium  oxalate  in  the  parenchyma  of  the  newly  originating 
leaves.  The  formation  of  these  small  quantities  of  oxalate  is  not 
associated  with  the  action  of  light  at  all,  and  so  we  have  here  to 
do  with  primary  Calcium  oxalate.  If  the  leaves  develop  in  the 
dark,  all  formation  of  Calcium  oxalate  ceases.  It  begins  again, 
however,  if  the  plant  is  brought  into  the  light.  Secondary 
Calcium  oxalate  originates,  whose  production,  unlike  that  of  the 
primary  oxalate,  is  dependent  on  the  light.     (Schimper.) 

The  material  for  the  foi-mation  of  the  primary  Calcium  oxalate 
is  afforded  on  the  one  hand  by  the  Oxalic  acid  produced  in  the 
plant  by  metabolic  processes,  and  on  the  other,  by  the  lime 
absorbed  by  the  roots  from  without.  The  latter  enters  the  plant 
from  the  soil,  chiefly  in  combination  with  Nitric  acid  and  Sul- 
phuric acid.  If,  now,  the  nitrates,  for  example,  enter  into 
chemical  reaction  with  the  Oxalic  acid  produced  in  metabolism, 
then,  on  the  one  hand,  free  Nitric  acid  is  formed,  which  finds 
employment  in  proteid  manufacture,  and  on  the  other  hand, 
Calcium  oxalate  originates.  Nitrates  may  also,  however,  tran- 
sitorily accumulate  in  the  plant  tissue,  as  was  shown  by  the 
observations  mentioned  in  21. 
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But  to  prove  directly  that  nitrates  can  actually  be  worked  up, 
we  make  the  following  experiment.  Two  pot  plants  of  Pelar- 
gonium zonale  are  placed  in  the  dark.  The  quantity  of  nitrates 
in  the  leaves  of  normally  vegetating  plants  is  generally  very 
slight  or  nil.  If  after  four  to  six  days  we  examine  the  leaves  of 
the  darkened  plants,  it  is  found  that  they  have  become  very  rich 
in  nitrates.  If  we  now  place  the  plants  at  the  window,  so  that 
they  are  brightly  illuminated,  the  nitrates  disappear  again  from 
the  leaves  in  the  course  of  eight  to  fourteen  days.  If  stems  o£ 
Pelargonium  zonale,  or  Fuchsia  globosa,  whose  leaves  are  highly 
variegated,  are  treated  as  just  described,  we  find  that  the  nitrates 
do  not  disappear  on  illumination  from  the  almost  chlorophyll. free 
leaves. 

Thus  it  follows,  that  the  consumption  of  nitrates  stands  in 
relation  to  the  chlorophyll  of  the  leaves  and  to  light.  According 
to  recent  investigations,  the  working  up  of  the  Nitric  acid  and 
formation  of  proteid  can  proceed  in  the  organisms  of  the  higher 
plants  only  in  the  green  cells,  and  under  the  influence  of  light. 

Accoi-ding  to  Schimper  (see  also  Flora,  1890,  pp.  251  and  260), 
the  working  up  of  the  nitrates,  and  of  the  sugar  formed  in  assimi- 
lation into  amides,  and  finally  into  proteid,  organic  acids  (Oxalic 
acid)  *  perhaps  being  produced  as  bye- products,  must  be  con- 
sidered as  quite  directly  dependent  on  light  and  chlorophyll 
activity.  Proteid  formation  in  chlorophyll-free  cells,  such  as  does 
actually  take  place  in  fungi  is,  according  to  him,  excluded  in  the 
higher  plants.  In  my  opinion  this  view  is  not  conclusively 
established.  At  the  same  time,  the  experiments  by  which  many 
people  seek  to  prove  the  formation  of  proteid  in  the  higher  plants, 
in  cells  which  are  not  green,  are  inadequate.f  The  whole  question 
needs  further  and  very  searching  treatment,  and  it  is  possible  that 
the  light  and  the  chlorophyll  bodies  are  only  indirectly  of  signifi- 
cance for  proteid  formation.  The  formation  of  the  secondary 
oxalate  also,  might  only  indirectly  be   related  to  conditions   of 

illumination.  

*  See  H.  de  Yries,  Landuirthsch.  Jahrbilcher,  Bd.  6,  p.  900,  and  plate  44, 
Fig.  3. 

'  See  Schimper,  Botan.  Zeitung^  1888. 

'  For  illustrations  of  the  Calcium  oxalate  crystals,  see  Zimmermann,  Botan, 
Microtechnik,  1892,  p.  56.     (TranP.  Humphrey.) 


*  This  Oxalic  acid  may  then  give  rise  to  secondary  Calcium  oxalate. 
t  Frank  {Lehrbueh  d.  Botanik,  1892,  pp.  568  and  570)  holds  the  view  that 
perhaps  proteid  formation  is  possible  in  the  higher  plants  in  all  the  cells. 
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25.    The  Decompoflition  of  Nitrates  in  Plants. 

It  has  already  been  pointed  out  (see  24)  that  the  Nitric  acid 
necessary  for  the  formation  of  proteid  is  liberated  from  nitrates 
by  the  action  of  vegetable  acids,  especially  Oxalic  acid,  with 
simultaneous  production  of  oxalates.  This  and  similar  reactions 
are  farther  of  importance  because  they  serve  to  free  the  plant  sap 
from  excess  of  Calcium  salts,  Calcium  oxalate  being  of  course  only 
very  slightly  soluble,  and,  in  fact,  very  generally  separating  out 
in  plants  in  the  crystalline  form. 

The  interaction  between  Oxalic  acid  and  lime  or  potash  salts  in 
the  plant  must  take  place  in  very  dilute  solution,  and  hence  it  is 
interesting  to  ascertain  by  experiment  whether  the  reactions  in 
question  do  proceed  in  presence  of  very  large  quantities  of 
water.* 

We  get  ready  a  number  of  beakers  containing  solutions  of 
0*205  gr.  of  Calcium  nitrate  in  400  c.c.  of  water.  We  further 
prepare  solutions  containing  0090  gr.  of  Oxalic  acid  (considered 
anhydrous)  to  every  100  c.c.  of  water.  If  now  we  mix  these 
solutions  together  in  pairs,  400  c.c.  of  Calcium  nitrate  solution  to 
100  c.c.  of  Oxalic  acid  solution,  at  the  ordinary  temperature,  pre- 
cipitates of  Calcium  oxalate  are  formed  and  Nitric  acid  is  set  free. 
Time,  however,  is  a  factor  in  determining  the  extent  of  the 
reaction,  as  we  may  learn  by  ascertaining  the  amount  of  preci- 
pitated Calcium  oxalate  in  one  case  im- 
mediately, in  others  after  the  lapse  of 
one,  two,  or  three  days.  The  longer  the 
Oxalic  acid  is  allowed  to  act  on  the 
Calcium  salt,  the  greater  the  quantity 
of  Calcium  oxalate  pi'ecipitated. 

That  Nitric  acid  is  actually  liberated 
when  Oxalic  acid  acts  on  Potassium 
nitrate  we  can  prove  as  follows : — Five 
beakers,  a,  6,  c,  rf,  and  e,  are  arranged 
each  containing  500  c.c.  of  water.  To  a 
we  add  0210  gr.  of  Nitric  acid,  HNO3; 
to  6,  3*000  gr.  of  Oxalic  acid  (considered 
anhydrous)  ;  to  c,  0*337  gr.  of  Potassium 
nitrate  ;  to  d,  0*210  gr.  of  Nitric  acid  and  3000  gr.  of  Oxalic  acid ; 
to  e,  0".337  gr.  of  Potassium  nitrate  and  3*000  gr.  of  Oxalic  acid. 
In  each  beaker  is  suspended  a  slab  of  marble  (see  Fig.  23,  J/), 
all  the  slabs  being  as  nearly  as  possible  of  the  same  size,   say 


Fig.  23.— Apparatus  for  in- 
vestigating the  action  of  Oxalic 
acid  on  nitrates. 
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40  ram.  long  and  broad  and  5  mm.  thick.  They  are  supported  bj 
threads  fastened  to  sticks  which  rest  on  the  rims  of  the  beakers. 
If  the  preparations  are  allowed  to  stand  for  some  time,  it  is  found 
that  the  solution  in  a  does  not  become  turbid ;  neither  does  that 
in  6,  since  the  marble  becomes  covered  with  a  crust  of  Calcium 
oxalate,  which  ari-ests  the  further  action  of  the  Oxalic  acid.  The 
fluid  in  c  also  remains  clear,  but  in  d  and  e  considerable  preci- 
pitates of  Calcium  oxalate  are  thrown  down.  In  d  the  Nitric  acid 
acts  on  the  marble.  It  gives  rise  to  Calcium  nitrate,  which  now 
is  decomposed  by  the  Oxalic  ieicid  present,  with  formation  of 
Calcium  oxalate  and  liberation  pf  Nitric  acid.  This  latter  then 
acts  again  on  the  marble.  If,  as  is  actually  the  case,  a  con- 
siderable precipitate  is  produced  in  e,  it  can  only  be  explained  as 
due  to  the  liberation  of  Nitric  acid  by  the  action  of  the  Oxalic 
acid  on  the  Potassium  nitrate  present  in  the  solution,  this  Nitric 
acid  then  behaving  like  that  in  d.  These  reactions  in  d  and  e  pro- 
ceed so  rapidly,  as  I  have  convinced  myself,  that  even  in  the 
course  of  half  an  hour  a  considerable  amount  of  Calcium  oxalate 
separates  out.  We  can  therefore  in  the  above  manner  demon- 
strate quite  conveniently  even  in  lecture  the  fact  that  Oxalic  acid 
is  able  to  decompose  Potassium  nitrate. 


^  For  farther  information  respecting  nitrate  decompositions  consult  Emmer- 
ling,  VenuchMtationen^  Bd.  17  and  30. 


III.  THE  CONSTITUENTS  OF  THE  ASH  OF  PLANTS 

26.    Mechanical  Analysis  of  Soil. 

In  judging  of  the  character  of  a  soil,  it  is  of  great  importance 
to  ascertain  exactly  the  amount  of  coarser  and  finer  elements  in 
it.  We  therefore  distinguish,  as  has  long  been  customary,  be- 
tween the  skeleton  and  the  fine  earth  of  the  soil.  The  latter 
demands  some  special  attention,  since  it  determines  the  most 
important  characteristics  of  the  soil,  and  chiefly  furnishes  the 
plant  with  the  minei*al  matter  which  it  requires  for  its  nutrition. 
To  obtain  fine  earth  for  the  purpose  of  chemical  analysis,  air-dry 
soil  is  riddled  through  a  sieve  with  meshes  0'5  mm.  wide.  But 
if  it  is  desired  to  determine  the  quantity  of  fine  earth  conta«ined  in 
a  soil,  we  treat  50  gr.  of  air-dry  earth  in  a  dish  with  water,  heat 
on  the  water-bath  for  about  an  hour,  and  then  transfer  to  a  sieve 
with  05  mm.  meshes,  the  fine  earth  being  washed  through, 
first  with  the  help  of  a  paint  brush  and  finally  by  means  of  a  fine 
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stream  of  water.  The  residue  on  the  sieve  (skeleton)  we  dry  and 
weigh.  We  may  further  subdivide  the  skeleton  into  writing 
sand  (Streusand),  fine  gravel  (Feinkies),  medium  gravel,  and  coarse 
gravel.  This  is  likewise  effected  by  means  of  sieves.  If  we  work 
with  Knop's  series  of  sieves,  the  term  coarse  gravel  is  applied  to 
the  residue  left  on  a  sieve  with  meshes  4*2  mm.  wide ;  medium 
gravel  to  that  left  in  a  sieve  with  27  mm.  meshes,  and  fine  gravel 
to  that  left  in  a  sieve  of  0'9  mm.  meshes. 

The  fine  earth  is  divided  by  washing  into  fine  sand  and  clayey 
constituents.     The  apparatus  I'equired  is  Kiihne's  washing  cylinder 

(Fig.  24).  The  glass  cylinder 
is  28  cm.  in  height,  and  8'5  cm. 
in  diameter  (both  inside  measure- 
ments). At  a  distance  of  5  cm. 
from  the  base  of  the  cylinder  is 
a  tubulure  which  can  be  closed 
in  the  manner  indicated  in  the 
figure.  We  place  in  the  cylinder 
30  gr.  of  fine  earth  which  has 
previously  been  heated  for  some 
time  with  water,  fill  the  cylinder 
with  water  up  to  the  level  of 
a  mark  towards  the  top,  stir 
with  a  rod,  and  then  let  stand 
for  ten  minutes.  The  turbid 
fluid  is  now  run  off,  and  we 
pour  a  fi^esh  quantity  of  water 
into  the  cylinder,  stir  up,  and 
after  five  minutes  again  remove 
the  fluid.  We  proceed  in  this 
way  until  all  the  clayey  part 
appears  to  be  washed  away,  then  dry  the  residue  (fine  sand) 
which  remains  behind  in  the  cylinder,  and  determine  its  weight.* 
The  fine  earth  consists,  as  such  analyses  among  other  things 
teach,  of  granules  of  very  different  sizes,  a  fact  of  which  we  may 
at  once  satisfy  ourselves  by  mounting  some  of  the  fine  earth 
in  water  on  a  slide,  and  submitting  it  to  microscopic  examina- 
tion. The  washing  cylinder  mentioned,  and  also  sieves,  are  to  be 
obtained  of  Muencke,  in  Berlin. 
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Fig.  24. — Washing  cylinder. 


*  A  fall  discussion  of  the  function  of  the  Hne  earth  and  skeleton,  and  of  the 
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method  of  mechanical  analysis  of  the  soil  will  be  foand  in  my  Lehrbuch  der 
Bodenkunde^  1876,  and  in  my  treatise  on  the  soil  which  appears  in  Bd.  2  of  the 
Handbuch  der  Landwirthschaft,  1888,  edited  by  Goltz. 


27.    The  Detection  of  Certain  Food  Stnffs  in  the  Soil. 

It  is  here  by  no  means  my  intention  to  give  a  detailed  introd ac- 
tion to  the  chemical  examination  of  the  soil. 

Any  one  wishing  to  take  np  snch  researches,  and  intending  to 
make  himself  exactly  acquainted  with  the  value  of  the  results 
that  have  been  obtained  must  be  referred  to  the  works  of  E.  von 
Wolff,^  Knop,*  and  to  my  Bodenkunde.^  It  is  mei'ely  intended 
here  to  prove  that  the  soil  contains  certain  substances  which  serve 
as  food  for  plants.  For  the  experiments  we  use  always  the  fine 
earth  of  the  soil,  isolated  in  the  manner  described  in  26. 

To  prove  the  presence  of  Chlorine  in  the  soil,  we  pour  200  c.c.  of 
water  over  5  gr.  of  fine  earth  and  allow  to  stand  for  some  time. 
We  then  filter  and  determine  the  Chlorine  in  the  filtrate  in  the 
usual  way  by  means  of  Silver  nitrate. 

To  determine  the  presence  of  Sulphuric  acid  in  the  soil,  2-5  gr. 
of  fine  earth  are  mixed  with  20-50  gr.  of  Sodium  carbonate  free 
from  Sulphuric  acid.  The  mixture  is  placed  in  a  porcelain  dish, 
treated  with  water  and  boiled  for  some  time.  In  the  fiuid  obtained, 
Sulphuric  acid  can  readily  be  detected  qualitatively  or  quantita- 
tively estimated. 

About  10  gr.  of  fine  earth  are  mixed  with  water,  and  then 
with  constant  stirring  treated  with  Hydrochloric  acid  until  the 
evolution  of  Carbon  dioxide  has  ceased.  After  some  time  we  filter 
off  the  slightly  acid  solution,  nearly  neutralise  with  ammonia,  and 
warm  gently  with  Sodium  acetate.  A  precipitate  is  formed,  con- 
sisting chiefly  of  Ferric  oxide,  while  in  the  fluid  filtered  away  from 
the  precipitate  we  can  readily  detect  by  means  of  Ammonium 
oxalate  the  presence  of  Calcium. 

We  shall  not  here  consider  the  somewhat  troublesome  processes 
necessary  for  determining  the  presence  in  the  soil  of  other  sub- 
stances, especially  of  Potassium  and  Phosphoric  acid.  As  regards 
these  the  works  cited  above  must  be  consulted.* 


*  See  E.  von  Wolff,  Anleitung  zurchem.  Untertuchung  landicirthschl.  wichiiger 
Stqfe,  1875. 

•  Knop,  Die  Bonitirung  der  Ackererde,  1871. 

•  See  Detmer,  Lehrbuch  der  Bodenkunde,  1876. 

*  See  also  Konig,  Untertuchung  landwirthichl.  icichtiger  Stoffe,  1891. 
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28.    Food  Stnflfs  in  Water. 

It  is  of  interest  to  determine  the  presence  in  water  of  some 
substances  which  are  of  importance  as  plant  food,  taking  for 
examination,  river,  pond,  or  spring  water.  We  acidify  20  c.c.  of 
water  with  a  few  drops  of  Hydrochloric  acid,  add  Bariam  chloride 
solution  ;  turbidity  or  precipitate  indicates  the  presence  of  sul- 
phate. Acidify  20  c.c.  of  the  water  with  pure  HNO3  and  add 
Silver  nitrate  solution ;  a  white  curdy  precipitate  indicates  the 
presence  of  chlonde.  50  c.c.  of  the  water  are  acidified  with 
Hydrochloric  acid,  excess  of  ammonia  is  added  and  lastly 
Ammonium  oxalate;  a  white  precipitate  indicates  the  presence 
of  Calcium.  Lime  occurs  in  water  in  combination  with  Sulphuric 
acid  or  with  Carbonic  acid  (Calcium  bicarbonate).  The  presence 
of  this  latter  compound  is  detected  by  heating  the  fresh  water, 
since  it  is  easily  decomposed  on  heating  into  the  normal  Calcium 
carbonate,  which  separates  out,  rendering  the  fluid  turbid,  and 
Carbon  dioxide.  If  spring  water,  fairly  rich  in  Calcium  bicar- 
bonate, is  laid  aside  for  some  time  in  a  small  glass  at  the  ordinary 
temperature,  crj'stals  of  normal  Calcium  carbonate  separate  out, 
whose  form  we  can  easily  make  out  by  microscopic  examination. 

Since  we  do  not  here  propose  to  give  an  introduction  to  the 
examination  of  water,  but  only  to  establish  the  fact  that  water 
contains  food  stuffs,  we  will  now  leave  the  subject.  It  has,  how- 
ever, already  been  indicated  in  another  place  how  to  proceed  in 
examining  water  for  ammonia  and  Nitric  acid.^ 


1  For  an  exact  account  of  the  method  of  water  examination,  sec  Tiemann, 
Anleitung  zur  Unterfuchung  von  Waster,  1874,  and  Beichardt,  Giundlagen  zur 
Bturtheilung  det  I'rinkwassert,  1880. 

29.    Ash  Analysis. 

Although  qualitative  and  quantitative  ash  analyses  are  some- 
what troublesome  and  tedious,  I  strongly  advise  any  one  who 
intends  to  occupy  himself  with  physiological  studies  to  carry  out 
researches  of  this  kind.  The  plant  material  is  first  carefully 
cleansed,  being  freed,  e.g.  from  adhering  dust.  Fresh  roots  must 
then  be  cut  up  into  slices,  which,  as  also  fresh  stems  and  leaves, 
are  hung  up  in  the  drying  chamber  at  a  temperature  of  about 
50°  C.  to  dry.  The  dried  roots  are  pounded  up  to  a  moderately 
fine  powder;  the  dried  stems  or  leaves  are  cut  up  with  scissors. 
Air-dry  seeds  are  to  be  pounded  to  a  coarse  powder  in  a  mortar. 

Suppose  it  is  desired  to  investigate  the  ash  of  the  aerial  parts 
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of  clover  plants.  A  large  quantity  of  the  clover  is  dried  in  the 
drying  chamber  and  cat  up,  the  whole  being  then  thoronghly 
mixed  together.  Aboat  100  gr.  of  the  material  will  yield 
sufficient  ash  for  our  purpose.  The  combustion  is  best  effected 
in  a  large  platinum  dish  ;  in  absence  of  this  a  porcelain  dish  may 
be  used.  In  the  combustion  itself,  which  is  effected  over  an  open 
flame,  great  care  must  be  taken  that  the  temperature  does  not 
rise  too  high  ;  the  ash  should  never  be  allowed  to  glow.  The 
analysis  is  conducted  according  to  the  directions  of  E.  von  Wolff.* 
I  have  often  convinced  myself  that  this  method  is  satisfactory. 
1  gr.  of  the  crude  ash  obtained  serves  for  the  determination  of 
Carbon  dioxide,  which  may  conveniently  be  carried  out  by  means 
of  Dietrich's  apparatus.^  1  gr.  of  crude  ash  is  also  treated 
with  diluted  Nitric  acid,  the  solution  serving  for  the  determina- 
tion of  Chlorine.  3-4  gr.  of  ash  is  moistened  in  a  flask  with  con- 
centrated Nitric  acid  and  then  treated  with  strong  Hydrochloric 
acid,  and  digested  for  some  time  at  boiling  point.  The  whole  is 
now  rinsed  into  a  porcelain  dish,  and  evaporated  to  dryness.  The 
dry  residue  is  placed  for  some  time  in  the  drying  chamber,  then 
moistened  with  concentrated  Hydrochloric  acid  and  extracted 
with  water.  The  undissolved  residue  (Silicic  acid,  sand.  Carbon) 
is  collected  on  a  dried  and  weighed  filter,  well  washed  with  hot 
water,  dried  and  then  weighed.  The  contents  of  the  filter  are 
transferred  to  a  platinum  dish,  and,  after  addition  of  soda  lye, 
boiled  several  times  with  a  concentrated  solution  of  Sodium  car- 
bonate. The  fluid  is  now  filtered  through  the  filter  paper  already 
used.  The  residue  after  being  well  washed  consists  of  sand  and 
Carbon,  the  quaivtity  of  each  being  determined  by  combustion. 
The  alkaline  solution  serves  for  the  determination  of  the  Silicic 
acid.  It  is  treated  with  excess  of  Hydrochloric  acid,  and  evapor- 
ated to  dryness,  the  residue  being  then  boiled  with  acidified  water. 
Silicic  acid  is  separated  and  its  weight  is  determined. 

The  filtrate  from  the  above-mentioned  residue  of  Silicic  acid, 
sand,  and  Carbon  is  made  up  to  a  known  volume,  say  500  c.c,  and 
divided  into  two  measured  portions.  In  one  portion  we  deter- 
mine the  Sulphuric  acid  by  means  of  Barium  chloride.  The 
solution  separated  from  the  Barium  sulphate  by  filtration  is 
warmed  gently  with  ammonia  Ammonium  carbonate  and  Ammo- 
nium oxalate,  and  filtered.  The  filtrate  is  evaporated  to  dryness, 
the  residue  gently  ignited  and  heated  with  Oxalic  acid.  The 
ignited   residue    must    be    treated   with    water.      The    solution 
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obtained  is  filtered  and  treated  with  Hydrochloric  acid,  and  then 
again  evaporated  to  dryness.  The  residue  is  slightly  ignited,  and 
we  deteiTnine  the  weight  of  the  now  pnre  alkaline  chloride  left. 
The  Potassium  is  separated  from  the  Sodium  in  the  usual  manner 
by  means  of  Platinic  chloride.  The  second  portion  of  the  solution 
must  be  nearly  saturated  with  ammonia,  treated  with  Ammonium 
acetate,  and  gently  warmed  in  order  to  precipitate  the  Ferric 
phosphate  present.  The  Phosphoric  acid  and  the  Ferric  oxide 
are  then  estimated  according  to  the  formula  Fe9(P04)2.  To  the 
filtrate  from  the  Ferric  phosphate  we  add  Ammonium  oxalate, 
and  heat  till  it  begins  to  boil  in  order  to  separate  out  the  Calcium 
(lime  determination).  After  evaporating  down  to  about  150  c.c, 
the  filtrate  is  treated  with  large  excess  of  ammonia.  After  24 
hours  the  precipitat-ed  Ammonium  Magnesium  phosphate  is 
collected  on  a  filter,  and  we  estimate  the  quantity  of  Phosphoric 
acid  and  magnesia  in  it.  The  filtrate  will  give  a  precipitate 
with  magnesia  mixture  (prepared  by  mixing  1  part  of  crystallised 
Magnesium  sulphate  with  2  parts  of  Ammonium  chloride,  8  parts 
of  water,  and  4  parts  of  ammonia)  if  it  still  contains  Phosphoric 
acid,  or  with  Sodium  phosphate  if  magnesia  is  still  present. 

In  tabulating  the  results  of  quantitative  analyses  of  ash,  the 
amount  of  crude  ash  present  in  the  dry  substance  must  be  given 
as  well  as  the  quantity  of  pure  ash  (i.e.  crude  ash  less  Carbonic 
acid,  sand,  and  Carbon).  The  percentage  composition  of  the  pure 
ash  must  also  be  calculated. 

The  ash  of  some  plants,  e.g.  that  of  the  tobacco  plant,  contains 
also  Lithium.  We  can  easily  prepare  a  pretty  lecture  experiment 
by  moistening  cigar  ash  with  dilute  Nitric  acid,  and  holding  a 
little  of  the  mixture  in  the  non-luminous  flame  of  a  Bunsen 
burner  or  spirit  lamp  on  a  loop  of  platinum  wire  fused  into  a 
glass  rod.  Spectroscopic  examination  of  the  flame,  e.g.  by  means 
of  a  small  pocket  spectroscope,  almost  always  discloses  at  once 
the  very  characteristic  red  Lithium  line. 

^  See  £.  Ton  Wolff,  Anleitung  zur  cliem.  Untertuchung  landwirth»chl, 
xcichtiger  Stofe,  1875,  p.  169. 

«  See  Dietrich,  Zeitschrift  f.  analytUche  Cheniiey  Bd.  8  and  4.  The  Dietrich 
apparatus  can  be  obtained  from  J.  H.  Biichler,  Breblau. 

30.    The  Higher   Plants  Need  to  be  Supplied  with  Mineral 

Substances.    Sodium  and*  ^licon  are  not  Essential. 
The  problems  here   under  consideration  can  be   studied    most 
conveniently  and  accurately  by  the  water  culture  method.     The 
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mode  of  procedure  has  been  dealt  with  at  length  in  1,  and  we 
grow  maize  plants  according  to  the  instractions  there  given  in  a 
complete  food  solution,  one  therefore  which  contains  Calcium 
nitrate,  Potassium  chloride,  Magnesium  sulphate.  Potassium 
phosphate,  and  some  Ferric  chloride.  But  simultaneously  we  also 
attempt  to  bring  to  maturity  a  maize  plant,  germinated  in  saw- 
dust, whose  roots  are  growing  merely  in  distilled  water.  This 
latter  plant  soon  ceases  to  grow,  while  those  whose  roots  are 
growing  in  a  complete  food  solution  continue  to  develop  vigor- 
ously. In  my  experiments,  the  maize  plants  with  distilled  water 
at  their  disposal  unfolded  only  four  leaves ;  their  growth  then 
ceased.  Mineral  substances  are  thus  necessary  for  normal  develop- 
ment. If  the  roots  of  plants  are  surrounded  by  distilled  water 
and  not  by  a  food  solution,  their  growth  comes  to  a  standstill  when 
the  reserve  materials  of  the  seed  are  exhausted. 

Our  food  solution  is  free  from  soda  and  silica.  The  experiment 
therefore  teaches  further  that  neither  Sodium  nor  Silicon  is  to  be 
considered  as  an  essential  constituent  of  the  food.  It  is,  however, 
possible  that  for  some  organisms  Silicon  is  necessary,  as  e.g.  in 
the  case  of  Diatoms,  the  microscopical  brown  organisms  so  often 
met  with  on  plants  or  stones  in  water,  and  whose  membranes  are 
impregnated  with  large  quantities  of  silica.  In  the  case  of 
grasses  silica  may  porhaps  be  spared,  but  at  the  same  time  it  is 
useful,  and  this  may  also  be  the  case  with  the  Equisetums.  At 
any  rate  the  amount  of  silica  in  the  walls  of  the  epidermal  cells 
of  the  latter  is  very  considerable,  as  we  may  satisfy  ourselves  as 
follows. 

If  we  examine  surface  sections  of  the  stem  of  Pjquisetum 
arvcnse  we  find  that  strips  bearing  stomata  and  strips  devoid  of 
stomata  alternate  with  each  other.  The  former,  owing  to  the 
layer  of  chlorophyll -containing  cells  below  them,  appear  green  ; 
the  latter  colourless.  The  epidermal  cells  are  longitudinally 
elongated ;  the  structure  of  the  stomatal  apparatus  is  a  compli- 
cated one.  We  lay  a  surface  section  on  a  small  plate  of  mica, 
treat  the  section  with  concentrated  Sulphuric  acid,  and  strongly 
heat  it  in  a  gas  or  spirit  flame.  We  then  lay  the  mica  plate,  with 
the  ash,  on  a  slide,  add  a  drop  of  water,  and  cover  the  preparation 
with  a  cover  glass.  On  microscopic  examination  we  perceive  a 
silicious  skeleton  which  still  allows  much  of  the  essential  struc- 
ture of  the  original  section  to  be  made  out. 
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31.  Fhosphoms,  Sulphur,  Potassium,  Calcium,  Magnesium,  and 
Iron,  are  Necessary  for  the  Higher  Plants. 

We  cnltivate  plants,  e.g.  maize  plants,  by  the  water-culture 
method,  as  described  in  1,  but  using  a  complete  food  solution  of 
somewhat  difPerent  composition.  It  contains  per  litre;  in  addition 
to  a  very  small  quantity  of  Ferric  chloride,  1  gr.  of  Calcium 
nitrate,  05  gr.  of  Potassium  chloride,  05  gr.  of  Magnesium 
sulphate,  and  05  gr.  of  finely  powdered  Calcium  phosphate 
(Caj  (P04)2).  This  last  is  very  sparingly  soluble  in  water,  and 
therefore  forms  a  sediment  in  the  culture  vessel.  We  further 
prepare  a  solution  devoid  of  potash,  the  Potassium  chloride  of  the 
complete  food  solution  being  replaced  by  0*5  gr.  of  Sodium  chlo- 
ride. We  make  a  third  solution  free  from  Phosphoric  acid,  the 
Calcium  phosphate  being  replaced  by  0*5  gr.  of  Calcium  sulphate. 
A  solution  free  from  iron  is  obtained  by  leaving  out  the  Ferric 
chloride.  The  culture  vessels,  after  they  have  been  fitted  up  with 
maize  plants,  are  all  exposed  to  the  same  external  conditions. 
It  is  found  that  the  plant  in  the  complete  food  solution  thrives 
extremely  well,  while  those  in  the  solutions  wanting  in  potash 
and  Phosphoric  acid  respectively  soon  cease  to  grow,  when,  viz., 
the  small  quantities  of  these  substances  stored  in  the  seed  are 
exhausted.  Potassium  and  Phosphorus  are  therefore  absolutely 
essential.  The  culture  in  the  solution  free  from  potash  teaches 
still  farther  that  Potassium  cannot  in  higher  plants  be  replaced 
in  nutrition  by  Sodium,  which  chemically  is  so  nearly  related  to 
it.     Solutions  devoid  of  sulphur  are  also  easily  prepared. 

Plants  grown  in  solutions  devoid  of  iron  produce  at  first  normal 
green  leaves.  Very  soon,  however,  they  begin  to  appear  sickly ; 
in  fact,  when  the  iron  in  the  seed  has  been  used  up,  they  become 
icteric  and  chlorotic.  The  new  leaves  are  no  longer  green,  but 
white,  and  microscopic  examination  of  them  shows  that  abnormal 
chlorophyll  bodies,  or  none  at  all,  are  present  in  their  cells.  If 
we  add  to  the  food  solution  a  few  drops  of  dilute  Ferric  chloride 
solution,  the  previously  white  leaves  become  green  in  two  or 
three  days,  and  the  growth  of  the  plants  now  proceeds  normally.^ 

We  may  also  conveniently  work  with  the  following  food 
solutions.  We  shall  find  that  in  the  normal  solution  our  plants 
flourish  well,  but  that  with  solutions  wanting  in  one  substance  or 
another  they  soon  die. 

All  the  solutions  except  the  last  one,  containing  no  Phosphoric 
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acid,  are   to  be  diluted  before  use  with   distilled  water,  in  the 
proportion  of  1 :  4*8.* 

Normal  Solution:* — 

600  c.c.  distilled  water, 

7  gr.  Potassium  nitrate, 
1*5  gr.  Magnesium  sulphate, 
1'5  gr.  Sodium  chloride, 
15  gr.  neutral  Potassium  phosphate. 
Gypsum  (Ca  SO4)  in  excess. 


Solution  without  Lime  :— 
The  above  minus  Gyp8un>. 

Solution  without  Potash  : — - 

600  c.c.  distilled  water, 
7  gr.  Calcium  nitrate, 
1*5  gr.  Magnesium  sulphate, 
1*5  gr.  Sodium  chloride, 
1'5  gr.  neutral  Sodium  phosphate. 

Solution  without  Magnesia  : — 

600  c.c.  distilled  water, 
6  gr.  Calcium  nitrate, 
1*5  g^.  Potassium  nitrate, 
1*5  gr.  neutral  Potassium  phosphate, 
1'2  gr.  Potassium  sulphate. 

Solution  without  Phosphoric  acid  :— 

1000  c.c.  distilled  w^ater, 
0*5  gr.  Potassium  nitrate, 

1  gr.  Calcium  nitrate, 
O'o  gr.  Magnesium  nitrate, 
0'5  gr.  neutral  Potassium  sulphate. 

That  plants,  e.g.  maize  and  beans,  which  we  may  also  employ  for" 
experiment  with  the  above  solutions,  soon  die  in  solutions  free  from 
Phosphoric  acid,  is  quite  natural  when  we  consider  that  Phos- 
phorus must  be  regarded  as  an  essential  constituent  of  the  nuclein, 
which  appears  to  be  indispensable  for  the  formation  of  nuclei. 

If  plants  are  cultivated  in  solutions  containing  no  lime,  they 
grow  at  first  normally.     Later  on,  however,  they  show  signs  of 

*  To  all  the  solutions,  dilute  Ferric  chloride  solution  must  be  added. 
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sickness,  since  particalarlj  the  joangest,  and  later  also  the  older 
leaves,  become  spotted  with  brown.  The  leaves  obtained  have 
about  the  same  size,  and  also  contain  the  same  quantity  of  chloro- 
phyll as  those  formed  under  normal  conditions.  They  can 
assimilate,  like  these  latter,  bnt  still  ultimately  die  olP.  The  leaves 
of  plants  grown  without  lime  differ  from  normal  leaves  in  being 
very  rich  in  starch.  The  brown  stains  which  after  a  certain  time 
appear  on  them,  are,  as  the  investigations  of  Schimper  and  Loew 
seem  to  show  conclusively,  due  to  action  on  the  tissues  of  injurious 
organic  acids,  especially  Oxalic  acid.  Organic  acids  are  of  course 
abundantly  formed  in  plant  metabolism.  They  must  be  neutral- 
ised, and  the  function  of  the  lime  is  especially  to  effect  this.  If 
the  neutralisation  of  the  acids  is  not  affected,  some  processes  in 
the  cells  are  arrested,  and  finally  the  cells  completely  die  off. 
Lime  is  also  of  importance  in  the  nutrition  of  plants,  inasmuch 
as  inorganic  acids  (Nitric  and  Sulphuric)  are  introduced  into  the 
plant  chiefly  in  combination  with  lime. 

Potash  appears  to  play  an  important  part  in  the  origin  and 
development  of  plant  organs.  If  we  cultivate  plants  in  solutions 
devoid  of  potash,  their  behaviour  is  quite  different  to  that  in  absence 
of  lime.  At  first  the  Potassium  compounds  migrating  from  the 
older  parts  still  serve  to  a  certain  extent  to  satisfy  the  require- 
ments of  the  new  organs.  We  shall,  however,  observe  that  these 
organs,  e.g,  the  leaves,  become  smaller  and  smaller,  till  finally 
the  plant  dies.  In  the  plants  raised  without  potash  compounds, 
the  assimilatory  activity  also  gradually  ceases  (Nobbe,  Schimper), 
but  still  not  till  other  indications  of  ill-health  at*e  already  apparent, 
especially  the  limited  growth  of  the  new  organs. 


^  I  have  oolleoted  the  literature  on  the  subject  in  my  Lehrbuch  der  Pflanzen- 
phytioloffie, 

*  See  Sohimper,  Flora,  1890,  Heft  3. 


38.    The  Requirements  of  Fungi. 

The  development  of  fungi,  like  that  of  higher  plants,  is'dependent 
on  the  pi'esence  of  mineral  substances  capable  of  absorption.  To 
prove  that  this  is  the  case  we  make  appropriate  culture  experi- 
ments with  the  yeast  fungus  (Saccharomyces  cerevisiee).  We 
prepare  a  good  quantity  of  a  fluid  having  the  following  percentage 
composition  : — 84  parts  of  water,  15  parts  of  the  purest  sugar 
candy,   and    1   part   of    Ammonium    tartrate.      Four    flasks    are 
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obtained,  and  into  each  is  ponred  100  c.c.  of  the  flaid  To  a  we 
make  no  addition  ;  to  6  we  add  02  parts  of  acid  Potassium  phos- 
phate (KH,  PO4),  002  parts  of  Calcium  phosphate  (Ca,  2  PO4) 
and  002  parts  of  Magnesiam  sulphate  (Mg  SO4)  ;  to  c  we  add 
002  parts  of  Calcium  phosphate  and  0*02  parts  of  Magnesium 
sulphate ;  and,  finally,  to  d  are  added  0*2  parts  of  Sodium 
phosphate  (N^a,  HPO4),  0*02  parts  of  Calcium  phosphate,  and 
0'02  parts  of  Magnesium  sulphate.  Regarding  addition  of  Ferric 
salt,  see  p.  58.  We  now  close  the  flasks  with  stoppers  of  cotton 
wool,  heat  the  fluids  to  boiling,  and  allow  to  cool  again.  We  next 
add  to  each  of  the  four  nutrient  solutions  1  c.c.  of  slightly  milky 
yeast  water  (see  Appendix),  momentarily  raising  for  this  purpose 
the  plugs  of  cotton  wool  with  which  the  flasks  are  closed.  It  is 
best  now  to  put  the  four  flasks  into  the  thermostat  at  a  temperature 
of  25°  to  30°  C,  frequently  shaking  them.  Vigorous  fermentation 
and  multiplication  of  the  yeast  only  takes  place  in  the  fluid  6,  as 
we  may  quantitatively  determine  by  collecting  the  yeast  on  a  dried 
and  weighed  filter.  If  a  slight  turbidity  appears  in  the  fluids 
a,  c,  and  d  (due  to  a  small  development  of  yeast  or  bacteria), 
that  must  be  t^ken  as  an  indication  of  the  presence  of  small 
quantities  of  mineral  substances  or  potash,  as  the  case  may  be, 
which  were  perhaps  present  in  the  sugar,  or  in  the  yeast  water 
added  to  the  fluids.  At  all  events,  the  yeast  cannot  develop 
normally  when  mineral  substances  are  wanting  in  the  food 
solution.  But  our  experiments  teach  further  that  no  extensive 
vegetation  of  the  yeast  and  no  fermentation  takes  place  even  when 
only  Potassium  is  absent,^  this  not  being  replaceable  by  Sodium. 
In  the  experiments  the  gi^eatest  care  must  be  taken  as  to  the 
purity  of  the  water,  of  the  reagents,  and  of  the  yeast  material. 
The  more  favourable  the  conditions  in  this  direction,  the  more 
striking  will  be  the  result  of  the  experiments. 


^  For  farther  information  as  to  the  food  requirements  of  yeast,  see  A..  Mayer, 
Lehrbuch  der  Qahrungtchemie^  1874,  p,  121. 


33.  The  Forms  in  which  Certain  Kineral  Substances  Occur 

in  Plants. 

Mineral  substances  are  by  no  means  restricted  in  the  plant 
to  inorganic  compounds;  they  also  occur  very  frequently  in 
organic  substances  also,  e,g.  Sulphur  in  proteids,  Phosphorus  in 
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nuclein,  etc.  This  is  of  great  importance,  especially  if  we  take 
into  consideration  the  further  fact  that  during  the  development 
of  the  plant  any  particular  substance  may  be  transferred  from 
an  organic  to  an  inorganic  compound,  and  vice  versa.  The  study 
of  these  relations,  which  is  of  importance  in  considering  the 
function  of  mineral  substances,  and  in  other  respects,  has  lately 
been  stimulated  especially  by  Schiraper,^  and  we  will  first  of 
all  make  ourselves  acquainted  with  the  method  of  examination, 
confining  ourselves  to  the  detection  of  Phosphoric  acid,  potash, 
and  lime.  Farther  details  must  be  sought  in  Schimper  and 
Zimmermann.* 

To  detect  mineral  substances  microchemically,  sections,  not 
too  thin,  must  first  be  treated  directly  with  reagents,  while 
othera  are  tested  after  being  reduced  to  ash  by  ignition  on  the 
slide.  Organic  mineral  compounds  frequently  cannot  be  found 
in  the  unaltered  sections  ;  generally  the  presence  of  bases  or  acids 
can  then  only  be  made  out  easily  in  the  ash.  The  purity  of 
the  reagents  to  be  employed  must  be  very  carefully  tested. 

To  detect  Calcium  in  the  ash  from  the  section,  we  dissolve  it  on 
the  slide  in  2  per  cent.  Salphuric  acid,  and  allow  to  dry  up  slowly. 
Then,  particularly  at  the  edges  of  the  drop,  characteristic  crystals 
of  Calcium  sulphate  are  formed.  See  drawings  in  Haushofer, 
Microskopische  Beactionen,  Brunswick,  1885,  and  Zimmermann's 
work,  cited  below,  p.  64. 

The  detection  of  Potassium  is  effected  with  Platinic  chloride. 
The  reagent  must  be  specially  tested  as  to  its  purity.  The 
crystals  of  double  chloride  of  Potassium  and  Platinum  which 
are  produced,  are  in  the  form  of  regular  octahedrons  or  cubes. 
The  sections  are  treated  with  a  drop  of  the  reagent,  and  allowed 
to  dry  up.  The  ash  is  dissolved  in  a  little  acidified  water,  the 
object  glass  is  held  over  a  spirit  flame  till  the  solution  dries 
up,  and  then  the  reagent  is  added.  The  crystals  always  form 
first  at  the  edge  of  the  drop ;  later  they  appear  in  the  middle 
also. 

Phosphoric  acid  we  isolate  microchemically  as  Ammonium 
Magnesium  phosphate.  The  section,  or  the  ash  of  it  (the  latter 
after  solution  in  acidified  water  and  evaporation  of  the  solution 
on  the  slide),  is  treated  with  a  small  quantity  of  a  mixture  of 
25  vols,  of  a  concentrated  aqueous  solution  of  Magnesium 
sulphate,  2  vols,  of  concentrated  aqueous  solution  of  Ammonium 
chloride,   and   15   vols,   of    water.     The   originating   crystals   of 
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Amnioninm  Magnesiam  phosphate  (in  examining  sections  they 
are  produced  in  the  cells)  have  Tery  characteristic  forms. 

Very  searching  investigation  is  still  required  as  to  the  dis- 
tribution of  organic  and  inorganic  compounds  of  mineral  sub- 
stances.    But  still  some  results  have  been  obtained. 

In  i*esting  seeds  (we  examine  sections  from  soaked  seeds  of 
Phaseolus  and  Riciniis),  Phosphoric  acid,  lime,  and  potash 
occur  in  oi'ganic  compounds,  and  so  are  detected  not  dii-ectly 
in  the  sections,  but  in  the  ash  which  these  yield.  In  germination 
these  organic  compounds  are  split  up.  Phosphoric  acid,  lime, 
and  potash  travel  as  inorganic  salts  in  the  parenchyma  of  the 
cortex  and  pith,  both  of  stem  and  root,  and  also  in  the  par- 
enchyma of  the  leaf  nerves.  In  all  these  tissues  the  above 
substances  can  therefore  be  found  directly  (not  merely  after 
incineration).  For  example,  the  parenchyma  of  maize  seedlings 
is  rich  in  potash  and  phosphoric  acid. 

In  the  growing  points  and  in  the  mesophyll  of  seedlings  occur 
large  quantities  of  organic  Phosphorus  compounds,  while  in- 
organic compounds  of  Phosphorus  are  entirely  wanting.  The 
Phosphoric  acid  can  hence  be  detected  only  by  examination  of 
the  ash.  The  growing  points  and  the  mesophyll  are  thus  the 
limits  of  migration,  places  of  formation  of  Phosphorus-con- 
taining organic  bodies.  The  parenchyma  of  cortex,  pith,  and 
leaf-nerves,  on  the  other  hand,  forms  the  channels  in  which 
the  mineral  substances  travel  during  germination. 

It  may  be  remarked  further  that  the  growing  points,  the 
cambium,  and  the  sieve  tubes  (we  may  e.g.  test  the  sap  of  the 
sieve  tubes  of  Cucurbita,  and  also  the  ash  which  it  yields)  of 
seedlings  and  grown  plants  are  almost  or  entirely  devoid  of  lime, 
while  they  contain  more  or  less  large  quantities  of  potash  and 
Phosphoric  acid,  chiefly  in  the  form  of  organic  compounds. 

To  familiarise  ourselves  with  the  method  of  testing  micro- 
chemically  for  iron,  we  soak  seeds  of  Sinapis  alba  in  w^ater,  then 
remove  the  seed-coat,  and  lay  the  embryo,  which,  as  is  well  known, 
bears  folded  cotyledons,  in  a  2  per  cent,  solution  of  yellow  prussiate 
of  potash  (Potassium  ferrocyanide).  After  half  an  hour  we 
transfer  it  to  20  per  cent.  Hydrochloric  acid,  wash  after  some  time 
with  distilled  water,  and  spread  out  the  cotyledons  on  the  slide.* 
Only  the  primoi*dia  of  the  vascular  bundles  of  the  cotyledons  (and 

*  Steel  needles  naturally  must  not  be  used. 
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in   tlie  case  of  root   its  central  strflnd)   hare  stained  blue,  and 
stand  out  as  a  blue  network. 

Id  the  germination  of  the  mustard  seed,  whether  in  light  or 
darkness,  the  iron,  in  the  form  in  which  it  was  present  in  the 
lasting  seed,  completely  disappears  from  the  objects  after  some 
time.  It  donbtlese  passes  into  oi-ganic  componada,  in  which  it  can 
no  longer  be  detected  by  the  methods  indicated  above.* 

>  See  Scbimper,  Flora,  1890,  Heft  3. 

*  Bee  ZinnDermann,  Satan.  Mtkrotichnik,  1692,  p.  40.    (Trana.  Humphrej.) 

•  See  Moliscb,  Dit  Fflanze  u«d  ilirt  BnUIiungen  lum  EUeii.  Jena,  1S92. 
The  method  recommenJed  in  tbU  psptr  b;  Moliscb  for  Ihe  detection  of  iion 
present  iu  organic  compoundB  or  disgaiaed,  is  defeotive,  as  MoUsch  himself  twd 
C.  Mtiltet  (lioth  in  Berichu  d.  DeuUchtn  botan.  GuilUehafl,  Bd.  11)  Iuts  shown. 


IV.    ORGANIC  COMPOUNDS  AS  FOOD  FOR  PLANTS. 

31.    EnmuB.    Hycorhiza. 

In  the  soil  are  present  a  whole  series  of  different  organic  com- 
pounds which  owe  their  origin  to  the  change  and  decay  of 
vegetable  and  animal  remains.  These  we  may  term  hamons 
compounds.  It  is  not  impossible  that  some  green  plants  (e-g- 
particnlar  marsh  plants)  can  satisfy  their  requirements  as  regards 
organic  substances,  in  part  at  least,  at  the  expense  of  haoioas 
material,  and  certainly  humoaa  compounds  play  an  important  pa:-t 
in  the  nutrition  of  many  fnngi  (Agarici  and  Boleti,  etc.).  We 
ninst  therefore  familiarise  ourselves  with  the  horaous  snbst&Dces 
of  the  soil.  Humous  compoands  ai'c  present  in  almost  every  soil, 
thongh,  it  is  true,  in  very  different  quantities.  Turf  soil  is 
particniarly  rich  in  hnmns,  and  for  this  reason  we  select  it  for 
examination. 

We  break  up  some  turf  in  water  in  a  porcelain  dish,  and  add 
potash  solution  to  the  mixture.  The  flnid  takes  on  a  bi-own  or 
black  coloration.  It  contains  Potassinrei  hamate  in  solution, 
and  may  be  filtered  off  fi-om  the  insoluble  residue  of  the  tnrf. 
We  shall  not  further  consider  this  residue;  it  contains  a  mixture 
of  not  yet  completely  humified  plant  remains,  humic  acid  not 
yet  extracted  by  the  potash,  and  a  substance  (hnmin)  insoluble 
in  potash.  We  add  Hydrochloric  acid  to  the  solution  of 
Potassium  humate  until  the  flnid  is  distinctly  acid  in  reaction. 
Tlie   Humic  acid  is  thus  precipitated,  while  the  acid  fluid  stilt 
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retains  in  solution  small  quantitieB  of  certain  bnmons  snbstanceH. 
If  we  collect  the  Humic  acid  on  a  filter,  wash  well  with  water, 
and  dry,  we  get  a  brittle,  crumbling  black  maM,  which  is  almost 
inftolnble  in  water.  If,  on  the  other  hand,  still  moist  Hnmic 
acid  is  treated  with  water,  Homewbat  larger  quantities  of  thu 
sab^tance  pass  into  Bolution.  This  solution  of  Hnmic  acid  has 
a  yellowiah  brown  colour.  If  we  add  Unraie  acid  to  eolntion  of 
ammonia,  it  readily  dissolves  with  formation  of  Ammoninm 
humate.  If  we  add  to  this  solution  a  solution  of  Calcium  chloride, 
a  precipitate  is  produced  consisting  of  the  double  humate  of 
Calcium  and  Ammonium,  a  compound  which  can  also  undonbtedlj 
be  formed  under  some  conditions  in  nature.  The  wil  certainly 
contains  in  addition  a  whole  Reries  of  other  hamous  compounds, 
abont  which,  however,  nothing  is  aconrately  known. 


lioniM  tna 
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We  carefully  pnll  up  from  the  hnmous  soil  of  a  wood  a  young 
beech  plant  (Kagns  sylvatica),  and  convey  it,  wrapped  in  moist 
moss,  into  the  laboratory.  After  washing  the  root  with  water, 
wo  perceive  fine  root  fibres  to  which  cling  small  fragments  oE 
humus.  These  fibres  we  cut  off,  let  them  lie  in  wat«i-  for  a 
time  to  soften  the  hnmua,  aud  then  examine  them  under  slight 
magnification.  Root  hairs  are  absent.  Instead  of  that,  the  entii-e 
surface  of  the  fibi-ea  is  covered  with  a  tissue  of  fungal  hyphee. 
From  tbe  root  fibres  also  radiate  in  all  dii'ections  fine  hyphra  and 
thick  hyphal  strands,  to  which  frequently  fragments  of  humus  clinjj 
(see    Fig.    26).     Here    we    have    to    do    with    ilycorhiaa,'    aud 
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particularly  the  ecto tropic  form  of  it,  since  the  hjphae  of  the 
fungns  do  not  penetrate  into  the  cells  of  the  root,  at  most  in- 
sinuating themselves  between  the  epidermal  cells.  The  Mycorhiza 
is  made  up  of  the  root  fibres,  and  the  fungal  liyphee  living  in 
symbiosis  with  the  root.  The  latter  (root  hairs  being  of  course 
absent)  absorb  the  water  and  mineral  substances  of  which  the 
beech  (or  other  plants  provided  with  Mycorhiza)  has  need.  Pro- 
bably also  nitrogenous  organic  substances  are  taken  up  from  the 
soil  by  the  Mycorhiza. 

We  collect  some  humous  soil  from  a  beech  wood.  The  material 
is  well  broken  up,  mixed,  and  sieved.  We  fill  a  few  flower-pots, 
about  20  cm.  in  height,  and  the  same  in  diameter,  with  this  soil, 
and  moderately  moisten  it.  Some  of  the  pots  are  at  once 
employed  for  the  following  experiments  (after  Frank),  the 
others  being  first  sterilised  by  exposure  for  some  hours  to  a 
temperature  of  100°  C.  in  a  drying  chamber.  The  pots  are 
covered  while  in  the  drying  chamber  by  pieces  of  glass.  We  now 
place  in  the  soil  of  each  pot  a  few  beech  seedlings.  These  ai-e 
best  obtained  by  germinating  beech-nuts,  just  after  gathering  in 
autumn,  between  folds  of  moist  blotting-paper.  The  seedlings 
are  transferred  to  the  pots  after  twelve  to  eighteen  days,  and  these 
are  then  put  in  the  cool-house.  For  watering  the  soil  we  use 
only  distilled  water. 

The  plants  developing  in  sterilised  soil  thrive  badly  even  in  the 
following  summer,  form  only  root  hairs  (see  Fig.  26),  and  in  part 
die  off.  The  rest  of  the  plantlets  grow  on  vigorously ;  in  the 
summer  all  their  roots  are  already  provided  with  fungi.  The 
development  of  Mycorhiza  is  thus  essential  for  the  normal 
development  of  the  beech  (and  some  other  plants). 

The  unfavourable  result  of  the  cultures  in  sterilised  soil  is  not 
the  result  of  the  mere  sterilisation,  since  plants  which  are  not 
dependent  on  symbiosis  with  fungi  (e.g.  oats)  are  ea.sily  made  to 
flourish  vigorously  in  sterilised  soil. 


^  See  Frank,  Beriehie  d.  Deutschen  botan.  Gesellschaft,  Bd.  8  and  6. 

35.    Experiments  with  FeniciUium  crnstaceum. 

If  we  soak  a  slice  of  bread  with  water,  place  it  in  a  glass 
dish,  and  leave  it  under  a  bell-glass  at  the  ordinaiy  room 
temperature,  smaller  forms  of  Mucor  generally  develop  first  of  all. 


THE  FOOD  OF  PLAMTS.  93 

The  aurfRce  of  the  bread,  however,  soon  takes  on  &  greenish 
coloration  dee  to  a  TigoronB  growth  of  Pemcillinm  crnBtaceani. 
Under  the  microscope  we  can  readily  make  ont  the  mycelium 
Slid  also  the  fertile  hyphie,  branched  in  a  penicillate  manner 
at  their  ends,  where  they  bear  rows 
of  spores  (see  Fig.  27). 

If  we  wish  to  make  caltnre  ex- 
periments with  the  Penicillinm, 
we  first  prepare  a  solution  con- 
taining in  every  100  o.c.  of  water 

0  05  gr.  Ammoninm  phosphate 
(prepared  by  saturating  Phoaphoric 
acid  with  ammonia,  and  evapora- 
ting the  solution),  005  gr.  of  acid 
Potassium  phosphate  (KHg  PO4), 
003  gr.  of  Mognesinm  anlphafe 
and  0-01  gr.  of  Calcium  chloride. 
Respecting  the  addition  of  an  iron 
salt,  see  p.  08.  To  this  eotution 
we  add  the  organic  substances 
whose  value  as  nutrient  material 
for  the  Penicillinm  we  wish  to  test, 
together  with  spores  of  the  f  ongns. 

1  filled,  e.g.,  four  small  glasses 
with  20  c.c,  ea«h  of  the  solution. 
To  a  nothing  was  added  ;  to  b  was 
added  0'2  gr.  of  grape  sugar ;  to 
c,  02  gr.  of  Oxalic  acid  ;  to  d  02 
gr.  of  Citric  acid,  a  and  b  were 
acidified  by  addition  of  a  few 
drops  of  very  dilute  Sulphuric 
acid.  In  order  to  sow  minimal 
quantities  of  spores,  the  best  plan 
is  to  distribute  some   Penicillinm 

material,   grown  e.g.  on  bread,  in      ^^^    j,  _  __ ^    ^__^ 

a  latge  quantity  of  water,  and  add  Gaoidiophore  "lih  lafu  of  brancbea 
to  the  food  solntions  onlv  a  few  c.c  ''''"l.'"',,''""';'^';.!'*'''-!"*'^"'  "".^ 
of  this  water.     The  cultme  vessels 

are  now  covered  with  glazed  paper,  and  left  to  themselves  in 
darkness  at  the  ordinary  tempei-ature. 

In  my  experiments  no  Penicillinm  growth  was  observable  after 
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more  than  eight  days  in  a  and  c,  while  the  flnids  h  and  d 
qnicklj  became  covered  with  a  thick  coating  of  mould.  Grape 
sugar  and  Citric  acid  thus  serve  well  as  food  for  the  fungus ; 
Oxalic  acid  cannot  be  utilised  bj  them.  In  absence  of  organic 
substances,  no  development  takes  place.  We  can  test  the  most 
various  organic  substances  in  the  manner  above  indicated  as  to 
their  nutritive  value  for  Penicillium,  and  if  it  appears  necessary 
to  determine  quantitatively  the  amount  of  fungus  produced,  this 
can  be  done  by  filtering,  drying  at  100°  C,  and  weighing.^ 

To  obtain  pure  cultures  of  fungi,  e.g.  of  Mucor,  Penicillium, 
etc.,  we  may  often  proceed  as  follows  :  * —  Unleavened  bread,  freed 
from  the   crust,  is  heated  for  one   to   two  days  in  the    drying 
chamber  at  120°  C,  so  as  to  become  sterilised.     We  lay  the  bread 
in  a  crystallising  glass  sterilised  by  heating,  and  cover  this  with 
a  sterilised  glass  plate,  whose  edges  overhang.     It  is  best  to   soak 
the  bread  with  a  food  solution.     We  extract  dried  fruits  (raisins, 
plums)  with  cold  water,  filter,  and  evaporate  the  solution  to  the 
consistency    of    syrup.     A    small    quantity    of    this  is  dissolved 
in  water,  heated  to  boiling  in  a  wash  bottle,  and  then  the  bread 
in  the  crystallising  glass  is  soaked  with  the  boiling  hot  fiuid.* 
We  obtain  the  spore  material  by  transferring  some  spores  of,  say, 
Mucor,  grown  on  bread  or  dung,  to  boiled  water  by  means  of  the 
forceps.     After  a  short  time,  we  distribute  a  few  drops  of  this 
fiuid  on  the  bread,  e.g.  by  means  of  a  sterilised  fiat  needle.     If 
the  culture  is  not  yet  perfectly  pure,  we  must  make  a  second, 
taking  the  necessary  spore  material  from  the  first.     In  preparing 
pure   cultures   of  fungi   in  food  solutions,  these  must  of  coarse 
be  sterilised.     The  solutions  contained  in  small  fiasks  closed  with 
stoppers  of  cotton  wood  are  sterilised  by  simple  heating,  or  by 
introducing  the  fiasks  into  the  steam  sterilising  apparatus. 

*  See  Naegeli,  Sitzunfjtberichte  d.  k.  bayr.  Akadem.  d.  Wias.,  187^, 
mathtmatUch-phynkalUche  Klaxte^  and  Beincke,  Untenuehungen  aua  dem 
hotanisehen  Institut  der  Univertitdt  Qottingen,  1888,  Heft  3. 

'  See  especially  Brefeld,  Botan,  Untertuchungen  Uber  Sehimmelpihe,  Heft  4. 

36.    Some  Other  Saprophytes. 

If  stems  of  Vicia  Faba,  which  have  been  left  for  a  long  time  in 
the  fields  in  autumn,  are  soaked  for  several  hours  in  spring  water 

*  In  some  cases  it  is  necessary  to  neutralise  the  acids  in  the  frait  extract  by 
addition  of  ammonia,  since  many  fangi  cannot  withstand  their  action. 
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and  laid  on  a  moist  filter  paper  in  a  dish  which  is  then  covered 
with  a  glass  plate,  a  laxnriant  growth  of  fnngi  will  develop  on 
them.  Especially  interesting  is  the  appearance  of  the  whitish 
sporophores,  about  1  mm.  in  diameter,  of  Chondrioderma  difforme, 
a  Myxomycete,  respecting  the  culture  of  which  Strasburger  * 
gives  exact  instructions.  In  experiments  which  I  made,  there  also 
appeared  on  the  stalks  after  some  time  the  red-tinted  sporophores 
of  a  Peziza. 

If  fresh  cow-dung  is  placed  in  a  dish,  and  covered  with  a  bell- 
glass,  it  becomes  clothed  in  the  course  of  a  few  days  with  a  luxu* 
riant  fungus  vegetation.  This  is  the  case  both  when  the  dung  is 
exposed  to  the  light  and  when  light  is  completely  excluded.  First 
there  appear  above  the  substratum  the  sporangiophores  of  Mucor 
Mucedo,  which  may  attain  the  length  of  some  centimetres,  each 
sporangiophore  bearing  at  its  summit  a  roundish  sporangium.  It 
is  instructive  to  submit  this  well-known  fungus  to  microscopic 
examination.  Later  there  comes  to  view  another  fungus  belong- 
ing to  the  Mucorini,  viz.  Pilobolus  crystallinus.  This  has  short 
sporangiophores  and  comparatively  large,  hemispherical,  black 
sporangia.  After  a  few  weeks  there  is  found  one  of  the  cap-fungi, 
with  a  long  stalk  and  small  cap,  viz.  Goprinus,  and  finally  there 
often  appear  the  yellowish  or  brownish  cup-shaped  sporocarps  of 
Ascobolus.  All  these  fungi  develop  their  mycelium  in  the  dung, 
while  the  spore-producing  parts  project  above  the  substratum. 
Since  the  organisms  mentioned,  like  all  fungi,  contain  no  chloro- 
phyll, they  maintain  themselves  at  the  expense  of  the  oi^anic 
matter  of  the  dung. 

If  we  put  a  fly  into  water  taken  from  a  pond,  it  quickly  decom- 
poses, and  generally  representatives  of  the  genus  Saprolegnia  or 
Achlya  develop  on  it.  Microscopical  examination  of  the  white 
threads  surrounding  the  fly  show  us  that  the  plant  is  at  first  uni- 
cellnlar.  Later  a  club-shaped  sporangium  is  jointed  off  from  the 
end  of  each  branch. 


*  See  Strasburger,  Practical  Botany. 


37.    Saccharomyces  cerevisia. 

If  we  tease  up  some  pressed  yeast  in  a  drop  of  water  on  a  slide, 
and  lay  on  a  cover  glass,  we  shall  find,  on  microscopic  examination, 
that,  in  addition  to  the  small,  almost  spherical  yeast  cells,  large 
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quantities  of  starch  are  present  as  impurities.  On  addition  of 
Iodine,  the  protoplasm  of  the  yeast  cells  becomes  brownish  in 
colour.  Dilute  potash  solution  dissolves  the  contents  of  the  jea^t 
cells,  the  cell  wall  remaining  undissolved.  If  we  take  some  yeast 
from  very  actively  fermenting  fluid,  it  is  seen,  on  microscopic 
examination,  that  the  daughter  cells  developed  by  sprouting  at 
first  remain  associated  with  their  mother  cells,  but  later  become 
isolated. 

Two  ^lass  vessels  are  procured  of  about  150  c.c.  capacity.  Into 
a  we  pour  100  c.c.  of  a  fluid  consisting  of  85  parts  of  water,  15 
parts  of  grape  sugar,  02  parts  of  KH2PO4,  0  02  parts  of  Ca3 
(P04)2,  0  02  parts  of  MgS04,  and  1  part  of  NH^NOj.  Into  b 
we  pour  100  c.c.  of  another  fluid,  having  the  same  composition  as 
that  in  a,  except  that  it  contains  no  sugar.  To  each  we  now  add 
2  c.c.  of  yeast  water  (see  Appendix),  and  then  put  them  into  a 
thermostat  at  a  temperature  of  25-30°  C,  shaking  at  frequent 
intervals.  In  a  fairly  active  fermentation  quickly  sets  in,  and  the 
fluid  becomes  turbid,  owing  to  the  propagation  of  the  yeast.  The 
solution  b  remains  clear,  since  it  contains  no  sugar,  and  conse- 
quently no  source  of  carbon  for  the  yeast,  and  the  fungus  is  unable 
to  propagate  itself.^  If,  after  allowing  the  fermentation  to  pro- 
ceed for  sometime,  we  filter  the  fluid  a,  and  collect  the  yeast  on  a 
previously  dried  and  weighed  filter,  we  can  accurately  determine 
the  amount  of  yeast  formed.  If  we  estimate  the  amount  of  so  gar 
in  the  fluid  a  before  the  addition  of  yeast,  and  again  after  the  fer- 
mentation has  gone  on  for  a  good  time  (see  Section  III.),  we  shall 
find  that,  in  consequence  of  the  fermentation,  and  owing  of  course 
to  the  vital  activity  of  the  yeast  fungus,  much  sugar  has  disap- 
peared. The  sug^r  is  expended  chiefly  in  the  production  of  Carbon 
dioxide  and  alcohol,  and  in  the  growth  of  the  yeast  fungus. 

A  solution  a  is  prepared  which  consists  of  85  parts  of  water,  15 
parts  of  grape  sugar,  02  parts  of  Potassium  phosphate  (KHg  PO4), 
0*02  parts  of  Calciam  phosphate  (Ca3  2P04),  002  parts  of  Mag- 
nesium sulphate,  and  1  part  of  pepsin.  A  solution  b  is  similar  in 
composition,  except  that  the  grape  sugar  is  replaced  by  cane 
sugar  (sugar  candy).  On  adding  a  good  supply  of  yeast,  active 
fermentation  is  quickly  set  up  in  both  fluids,  especially  if  they  are 
kept  warm  (25-30°  C).  The  yeast  inverts  the  cane  sugar,  and 
the  fermentable  material  thus  produced  rapidly  undergoes  decom- 
position into  alcohol.  Carbon  dioxide,  etc. 

If   fluids   similar  in  composition   to    those  just  described   are 
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treated  with  a  little  yeast,  one  solution  being  kept  cool  (at  10- 
15°  C),  the  other  warm  (at  25-30°  C),  it  will  be  found  that  in 
the  former  only  slight  growth  and  multiplication  of  the  yeast 
takes  place,  while  the  second  at  once  actively  ferments,  rapid 
multiplication  of  the  yeast  at  the  same  time  setting  in. 

We  can  easily  ascertain  by  similar  experiments  that  fermenta- 
tion and  propagation  of  the  yeast  takes  place  in  sugar-containing 
solutions,  in  darkness  as  well  as  in  light  (see  further  Section  III.). 


*  See  A.  Mayer,  Lehrbueh  d,  Odhrungtehemie,  1874,  p.  107,  and  UnterBuchun- 
gen  iiher  die  alkoholisehe  Gdhrung^  1869. 


38.  Bacteria. 

Bacteria  are  very  widely  distributed  in  nature.  They  are  trans- 
ported in  all  directions  with  the  dust  by  currents  of  air,  and  under 
favourable  conditions  display  their  vitality.  We  fill  a  number  of 
Erlenmeyer's  flasks  with  a  filtered  iluid  containing  in  solution  in 
every  100  parts  of  water,  1  part  of  grape  sugar  and  0*5  part  of 
meat  extract.  On  the  walls  of  the  flask,  and  especially  in  the 
meat  extract,  are  numeroos  bacterium  germs,  and  the  solutions,  if 
allowed  to  stand  for  a  few  days,  become  very  turbid,  owing  to 
copious  development  of  bacteria.  By  previous  sterilisation,  how- 
ever, and  arrangements  for  keeping  the  fluids  sterile,  this  develop- 
ment of  bacteria  can  be  prevented. 

The  Erlenmeyer's  flasks  are  first  rinsed  with  concentrated  Sul- 
phuric acid,  then  with  boiled  distilled  water.  After  100-200  c.c. 
of  the  above  solution  have  been  introduced,  the  flasks  are  tightly 
plugged  with  cotton  wool.  Under  some  conditions  it  is  better, 
before  pouring  in  the  solutions,  to  let  the  flasks  stand  for  two 
hours  in  the  drying  chamber  at  150°  C.  The  fluid  is  sterilised  by 
exposing  the  flasks  containing  it  for  at  least  two  hours  to  a  stream 
of  steam  in  the  Koch's  steam  sterilising  cylinder  *  (to  be  obtained 
from  H.  Rohrbeck,  Berlin). 

In  especially  accurate  work  the  sterilisation  in  the  cylinder  is 
repeated  several  days  in  succession.  If  in  the  first  case  spores 
should  remain  alive,  they  may  germinate  in  the  period  preceding 

*  It  is  often  snfficient  merely  to  boil  the  fluid  in  the  flasks  for  some  time  after 
plugging  with  cotton  wool. 

P.P.  H 
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the  second  heating,  by  which   those  which  have  germinated  are 
then  killed. 

When  onr  flasks,  filled  with  sterilised  food  solution,  and  plugged 
with  cotton  wool,  are  left  to  themselves,  the  fluid  remains  clear; 
even  after  months  it  still  remains  so,  since  no  development  of 
bacteria  can  take  place. 

Pare  cultures  of  Bacterium  Termo,  an  organism  very  commonly 
associated  with  putrefaction,  can  be  comparatively  easily  obtained. 
We  prepare  some  Cohn's  normal  solution.  This  contains  in  200 
parts  of  water  1  gr.  of  acid  Potassium  phosphate,  1  gr.  of  Mag- 
nesium sulphate,  2  gr.  of  neutral  Ammonium  tartrate,  and  O'l  gr. 
of  Calcium  chloride.  In  this  case  simple  boiling  of  the  solution  in 
the  Erlenmeyer's  flasks,  closed  with  plugs  of  cotton  wool,  serves  to 
ensure  sterilisation.  We  now  poor  water  over  some  peas  and  let 
them  putrefy,  transfer  a  drop  of  the  bacterium-containing  fluid  to 
the  food  solution  by  means  of  a  glass  rod,  and  if  Bacterium  Termo 
develops,  convey  a  drop  of  the  solution  to  a  fresh  portion  of  the 
nutrient  solution.  We  repeat  this  process  several  times,  till  finally 
a  pure  culture  is  obtained.  In  conveying  the  bacteria  from  one 
portion  of  nutrient  solution  to  another,  we  make  use  of  a  glass 
rod  sterilised  by  heating  in  a  spirit  flame.  We  lay  it  to  cool  on  a 
sterilised  plate  of  glass  under  a  bell-glass.  It  is  a  characteristic  of 
Bacterium  Termo  that  the  fluids  in  which  it  develops  become 
milky  in  the  first  days,  and  later  acquire  a  greenish  skin.  Bac- 
terium Termo  exists  in  the  form  of  rodlets,  which  are  mostly 
associated  in  pairs.  These  cells  move  to  and  fro  by  jerks.  In  the 
zoogloea,  which  takes  the  form  of  the  above-mentioned  greenish 
skin,  are  present  immotile  individuals. 

If  some  malt  extract  (prepared  by  treating  malt  powder  with 
water  and  filtering  off  the  solution)  is  left  to  itself,  the  solution, 
originally  clear,  becomes  turbid  in  the  course  of  a  few  days.  By 
microscopic  examination  it  can  be  determined,  in  the  manner  to  be 
given  below,  that  innumerable  bacteria  are  present  in  the  fluid. 
At  lower  temperatures  (about  15®  C.)  Bacterium  aceti  chiefly 
shows  itself,  but  at  higher  temperatures  (about  50°  C),  to  which 
we  can  readily  expose  the  fluid  in  the  thermostat,  Bacterium  acidi 
lactici  is  found.  According  to  Delbriick,^  we  can  obtain  the  Lactic 
acid  fungus  with  certainty  by  treating  200  gr.  of  dry  malt  with 
1000  gr.  of  water,  and  allowing  the  mixture,  without  filtration,  to 
remain  for  some  time  in  a  thermostat  at  50°  C. 

The    hay   fungus,    Bacillus   subtilis,   is   widely   distributed   in 
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nature.  To  obtain  it  with  certainty,  we  pour  a  very  small  quantity 
of  water  over  some  hay,  let  it  stand  for  four  hours  at  a  tempera- 
ture of  36°  C,  pour  ofE  the  fluid,  without  filtering,  and  dilute  it 
nntil  its  specific  gravity  is  l'(X)4.  If  the  decoction  is  too  acid,  we 
now  neutralise  it  with  Sodium  carbonate,  then  transfer  to  a  flask 
of  800  c.c.  capacity,  plug  this  with  cotton  wool,  and  heat  the  fluid 
to  boiling.  It  is  gently  boiled  for  an  hour,  and  then  put  into  the 
thermostat  at  a  temperature  of  36°  C.  In  the  course  of  one  or  two 
days  a  grey  skin  forms  on  the  hay  extract,  which  is  composed  of 
the  zoogloaa  of  the  bacillus.  The  spores  of  the  organism  have  sur- 
vived the  boiling,  other  bacteria  which  were  present  in  the  decoc- 
tion have  been  destroyed,  and  we  obtain  in  this  way  a  pure  culture 
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Fio.  29.— Bacillns  sabtilis.    A,  the  skin ;  B,  swarming  rodlets ;  C»  spore  formation.    A, 
magn.  SCO;  B,  magn.  lOOO;  C,  magn.  800.     (After  Strasbarger.) 


of  the  hay  fungus.  The  skin  is  a  jelly,  in  which  are  present 
large  numbers  of  threads  running  parallel  to  one  another,  and 
composed  of  rodlets.  In  order  to  bring  out  very  clearly  the  rod- 
lets  of  which  the  threads  are  composed,  we  stain  them,  a  plan 
often  adopted  in  investigating  bacteria.  A  small  quantity  of  the 
bacterium-containing  fluid  is  placed  on  a  cover-glass,  spread  out 
over  it  and  exposed  to  the  air  for  some  time  to  dry.  We  now 
rapidly  draw  the  cover-glass  several  times  through  a  spirit  flame, 
keeping  the  side  covered  with  bacteria  upwards,  spread  out  on  it 
a  drop  of  aqueous  methyl  violet  or  fuchsin  solution  (best  prepared 
by  carefully  adding  a  small  quantity  of  the  alcoholic  solution  of 
the  pigment  to  distilled  water),  and  float  it  for  twenty  or  thirty 
minutes  on  distilled  water,   preparation    downwards,   afterwards 
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allowing  to  dry  in  the  air.     We  6nally  put  on  a  drop  of  oil  of  tur- 
pentine and  examine  under  high  magnification.^ 


^  See  Zopf,  in  Schenk*8  Handbuch  d.  Botanik,  Bd.  3,  p.  60. 

'  For  farther  information  respeotiog  the  investigation  of  Bacteria,  see  FlUgge 
Die  Micro-organUmen^  Leipzig,  1886,  and  Hueppe,  Methoden  d,  Bacterienfor- 
Bchung,  1886. 


39.  Some  Parasitic  Fungi 

There  are  many  fungi  which  are  recognised  as  the  causes  of  dis- 
eases in  plants.  They  nourish  themselves  at  the  expense  of  the 
substance  of  living  plants,  and  therefore  must  be  classed  not  as 
Saprophytes  but  as  Parasites.  In  May  and  June  we  frequently 
observe  leaves  of  Berberis  vulgaris  which  have  protuberant 
cushion-shaped,  orange-coloured  swellings  on  their  under  side. 
Microscopical  examination  of  delicate  transverse  sections  of  a  Ber- 
beris leaf  shows  that  the  mesophyll  is  made  up  of  palisade  and 
spongy  parenchyma,  and  these  tissues  are  also  observable — in 
somewhat  modified  form,  it  is  true — in  the  swollen  parts.  Here 
the  cell  contents  (protoplasm  and  chlorophyll  grains)  are  disorgan- 
ised, and  in  the  int.ercellular  spaces  are  present  numerous  fungal 
hyphce.  These  belong  to  the  ujEcidium  generation  of  Puccinia 
graminis,  which  is  the  fungus  we  shall  first  consider.  On  treating 
the  sections  with  potash  solution,  the  relations  we  have  men- 
tioned stand  out  with  especial  clearness. 

On  the  under  side  of  the  cushions  we  notice  peculiar  cup-shaped 
structures,  which  in  their  development  break  through  the  tissue 
of  the  cushion,  and  finally  even  through  the  epidermis  of  the  leaf. 
Below  the  cups  we  see  a  thick  layer  formed  of  hyphaB.  Each  cup 
itself  consists  of  an  investment  (peridium)  and  the  numerous  spore- 
producing  basidia,  which  at  the  base  of  the  cup  are  associated 
to  form  the  hymeniuni.  On  the  upper  side  of  the  cushion  no 
-^cidium  cups  are  present,  but  here  may  be  found  pear-shaped 
structures,  the  spermogonia. 

The  spores  from  the  ^cidium  fruit  of  Puccinia  germinate  from 
the  middle  of  June  on  various  grasses  (wheat,  barley,  oats,  etc.). 
They  attack  chiefly  the  haulms  and  leaf-sheaths,  and  cause  the 
familiar  disease  of  grain  known  as  rust.  On  examination  of  delicate 
transverse  sections  from  an  oat  haulm  covered  with  rust-brown 
stnpes,  due  to  the  vegetation  of  the  uredo-layers  of  Puccinia,  we 
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shall  find  that  numeroiis  fangal  hyphae  traverse  the  green  tissue 
of  the  stem,  disorganising  the  cell-contents.  The  mjcelium  fur- 
ther produces  at  particular  places  numerous  outwardly  directed 
branches,  which  perforate  the  epidermis  of  the  haulm,  and  ab- 
strict  from  their  ends  unicellular  spores  (uredospores).  The 
uredospores  then  finally  give  rise  to  the  teleutospore  layers,  which 
we  shall  not  here  investigate. 

The  common  potato  disease,  which  is  so  highly  epidemic,  is  due 
to  a  fungus  which  belongs  to  the  Peronosporeee,  and  is  known  as 
Phytophthora  infestans.  It  may  be  observed  in  summer  on  the 
leaves,  but  also  in  winter  on  the  tubers,  of  Solanum  tuberosum. 
If  diseased  potato  tubers  (which  may  be  easily  recognised  by  the 
presence  of  brownish,  somewhat  sunken  spots  on  the  skin)  are  cut 
up,  and  we  leave  the  pieces  for  about  two  days  under  a  bell-glass 
in  air  saturated  with  aqueous  vapour,  the  cut  surfaces  become 
covered  with  a  delicate  white  "  mould."  The  mycelium  of  the 
Phytophthora  is  present  in  the  diseased  tubers,  to  begin  with  ;  it 
occurs  in  large  quantities  between  the  cells,  and  lives  at  the  ex- 
pense of  their  substance.  Under  the  conditions  described,  it  sends 
out  gonidiophores  to  the  exterior.  These  gonidiophores,  as  micro- 
scopical examination  teaches,  are  branched  in  their  upper  parts 
and  form  sporangia,  which,  however,  in  contact  with  water  readily 
fall  off.  If  pieces  of  diseased  potatoes  are  allowed  to  remain 
nnder  the  bell-glass  for  some  time,  a  rich  fungus  vegetation  de- 
velops on  them,  which,  however,  has  nothing  to  do  directly  with 
the  Phytophthora. 

It  is  also  very  instructive  to  follow  closely  the  course  of  de- 
velopment in  a  Feziza,  viz.  P.  sclerotiorum.  It  is  one  of  the  Dis- 
comycetes,  and  causes  the  sclerotium  disease  of  rape  for  example. 
I  will  describe  my  method  of  cultivating  the  fungus.  A  n amber 
of  sclerotia  are  laid  on  the  surface  of  moist  earth  contained  in  a 
flower  pot.  The  pot  is  covered  with  a  glass  plate,  and  allowed  to 
stand  in  diffused  light  not  far  from  a  window,  care  being  taken 
that  the  soil  does  not  become  dry.  After  six  to  ten  weeks  the 
small,  stalked  sporophores  of  the  Peziza  develop  from  the  sclero- 
tia. A  carrot  is  now  cut  up,  and  after  the  pieces  have  been 
scalded  in  hot  water,  we  infect  them,  by  means  of  a  sterilised 
needle,  with  ripe  spores  from  the  Peziza  cups,  put  them  in  a 
crystallising  glass,  and  cover  with  a  bell-glass.  After  a  few  days 
the  spores  germinate.  A  luxuriantly  vegetating  mycelium  rapidly 
develops  on  the  snrface  of  the  pieces  of  carrot,  which  destroys 
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even  the  inner  tissae  of  tbe  ixiot  not  killed  by  the  hot  nater. 
Here  and  there  on  the  mycelium  we  observe  eoft  white  balls, 
which  gradaally  increase  in  size,  aad  nltimatelj  enrronnd  them- 
aelres  with  a  dark-coloared  rind.  These  are  sclerotia,  from  which 
new  sporophorea  may  be  obtained,  thoagh  not,  it  is  true,  till  after 
a  long  period  of  dormancy.  We  also  take  a  small  qnantity  of  the 
Peziza  mycelinm,  vigoroaaly  vegetating  on  a  piece  of  carrot,  and 
introduce  it  into  a  small  hole  made  in  a  vegetable  marrow  lyingin 
a  covered  glass.  The  mycelium  ie  able  to  penetrate  into  the  living 
tisBQe  ;  it  vegetates  very  Inxnriantly  and  forma  sclerotia,  the 
vegetable  marrow  becoming  completely  destroyed,' 


>  Much  information  aboat  parasitic  fungi  will  be  foand  \a  Frank,  Eratik- 
heiten  der  Ffiamtn,  Brealaa,  1B80. 


40.    Lichens. 

Lichens  are  well-known  oi^anisms  which  owe  their  existence  to 
the  association  (symbiosis)  of  fungi  and  alg».  The  ralation  in 
general  is  that  the  algte  in  virtne  of  their  chlorophyll  prodnce 
from  inorganic  material,  by  assimilation,  the  organic  material 
necessary  both  for  their  own  existence  and  that  of  the  fungi,  while 
the  fangi  afford  the  alge  pmtection,  more  especially  against  de- 
siccation. The  lichen  thaltas  may  be  homoiomeroas  orheteromer- 
ous  in  construction.  To  acqnaint  ourselves  with  the  strncture  of 
these  remarkable  orgauigms,  we  will  take  for  examination  a  repre- 
sentative of  the  latter  group  of  tichena,  vi».  Usnea  barbata. 

Wo  may  use  either  fresh  material,  or,  as  I  have  found  suitable, 
herbarium  material  softened  in  water.  On  submitting  to  micro- 
scopic examination  a  delicate  transveree  section  of  a  strong  branch 
of  the  thallus,  we  at  once  see  that  it  is  differentiated  into  pith  and 
cortex.  The  elements  of  both  layers  are  much  branched  fungal 
hyphsB.  The  cortex,  and  also  an  axile  strand  of  the  pith,  are  dense 
in  atrnctare,  while  the  peripheral  region  of  the  pith  is  composed 
of  hyphe  loosely  annnged,  and  with  air-containing  spaces  between 
them.  The  green  algs  are  easily  seen  at  the  boundary  between 
pith  and  cortex.  They  form  there  a  special  zone,  which  is  every- 
where traversed  by  hyphie  rnuning  from  pith  to  cortex.  If  we 
'eeire  to  investigate  the  structure  of  other  lichens,  it  will  be  of 
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Special  interest  to  examine  the  sporopliores  of  varieties  of  Cladonia 
and  the  dorsiventral  thallns  of  species  of  Sticta.^ 


^  On  the  stracture  and  mode  of  life  of  lichens,   see  de  Bary,  Comparative 
JUorphology  and  Biology  of  tiu  Fungi. 


41.    Experiments  with  CarniYoroiui  Plants. 

Drosera  plants  which  it  is  desired  to  eraploj  for  physiological 
experiments  are  best  cultivated  in  flat  earthen  vessels  on  moist 
Sphagnam  nnder  bell-glasses.     The  Droseras  are  frequently  to  be 
found  in  large  quantities  on  swampy,  boggy  soil  ;  for  cultures  we- 
need  only  lay  a  clump  of  the  plants  on  the  Sphagnum.     It  is  well' 
known  that  when  the  leaf  of  Drosera  is  stimulated,  the  lamina- 
curves  inwards  and  the  tentacles  lay  themselves  together.     We 
first  place  a  fragment  of  raw  beef  of  the  size  of  a  pin's  head  on* 
the  middle  of  the  leaf  of  a  healthy  specimen  of  Drosera  rotundi- 
folia.   After  some  time  (in  my  experiments  at  20°  C.  in  twenty-four 
hours)  all,  or  almost  all,  the  tentacles  have  bent  inwards.      They 
now  surround  the  fragments  of  beef ;  the  secretion  of  their  glandu- 
lar heads  exerts  a  solvent  action  on  the  proteid ;  ^  but  ultimately 
(in  my  experiments  at  the  end  of  forty-eight  hours)  the  tentacles 
straighten  out  again.     If  we  place  on  a  Drosera  leaf  non-nitrogen- 
ous inorganic  or  organic  bodies  (1  experimented  with  fragments 
of  glass  and  pellets  of  paper),  the  tentacles  certainly  bend  inwards, 
as  before,  but  it  is  readily  determined  that  such  substances  induce 
movements  much  more  slowly  than  fragments  of  meat.     It  is  par- 
ticularly to   be  observed    that   whether  chemical   stimulus    (by 
fragments  of  meat)  or  contact  stimulus  (by  fragments  of  glass)  id- 
applied  to  the  Drosera  leaf,  tentacles  are  thrown  into  movement, 
owing  to  transmission  of  stimuli,  whose  glandnlar  tips  have  not 
been  directly  brought  into  contact  with  the  substance  acting  as  an 
irritant. 

If  we  examine  tentacles  of  Drosera  under  the  microscope  (we 
may  mount  them  in  a  drop  of  chloral  hydrate  solution  to  render 
the  tissues  transparent),  we  find  that  the  stalk  of  the  tentacle  is 
composed  of  longitudinally  elongated  cells ;  the  stronger  stalks  are 
travei*sed  by  an  axile  strand  of  spiral  vessels.  The  head  of  the 
tentacle  consists  centrally  of  spirally  thickened  elements,  which- 
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iTuunded  by  radially  elongated  cells  arrauged  in  a  fan-like 
r  (see  Fig.  30). 

It  ie  interesting  to  observe  the  phenomeoa  of  ayijyegation,  which 
under  certain  conditions  are  very  stnkingly  exhibited  in  the  cells 
of  the  tentacles  of  Drosei-a.^  We  take  a  tentacle  from  a  Drosera 
which  has  always  been  exposed  to  intense  ilium  inn  tion,  so  as  to 


favour  tbe  development  of  red  pigments  in  the  tentacle  cells, 
mount  it  in  a  drop  of  water,  and  examine  mtci-oscopically.  We 
focus  a  cell  of  the  onter  layer  of  the  tissue,  and  observe  parietal 
protoplasm  niid  red  sap  unlfui-mly  filling  the  cells.  We  now 
bring  in  contact  with  the  secreting  glandular  heads  of  a  few  of 
tlie  tentacles  of  our  plant  very  small  pieces  of  bailed  proteid- 
After  twelve  to  twenty  hours  ne  cut  off  the  stimulated  tentacles 
and  examine  tliera.     We  sec  the  parietal  pi-otoplasm.     This  now 
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encloses  colourless  cell-sap,  in  which,  however,  the  varionsly 
shaped  aggregations,  in  the  form  of  intensely  red-coloured  masses, 
are  easy  to  make  out.  These  aggregations  have  a  wall,  the  nature 
of  which  has  not  yet  been  accurately  determined ;  at  least,  I  do 
not  consider  the  statements  of  de  Vries  on  the  subject  fully  con- 
clusive. Within  them  cell-sap  is  present.  In  the  production  of 
these  structures  the  cell-sap,  originally  uniformly  distributed  in 
the  cell,  must  have  separated  into  two  parts,  one  very  rich  in  pig- 
ment, the  other  clear  like  water.  How  this  comes  about  is  not  yet 
adequately  determined.  When  Ammonium  carbonate  is  brought 
into  contact  with  tentacles  of  Drosera,  processes  of  aggregation  are 
also  exhibited,  in  which,  however,  precipitations  of  proteid  have 
been  observed  (H.  de  Vries). 

Plants  of  Dionaea  muscipula  to  be  employed  for  physiological 
expenments  are  most  conveniently  cultivated  on  pieces  of  wet 
peat  under  a  bell-glass.  I  shall  not  here  consider  the  mor- 
phology of  the  leaf  of  DioniBa,  but  simply  describe  carefully  a 
few  easily  conducted  experiments.  If  the  filaments  present  on 
the  upper  side  of  the  Dionsea  leaf  are  touched,  say  with  a  small 
splinter  of  wood,  the  leaf  at  once  closes  up.  Soon,  however 
(in  mj  experiments  at 
the  end  of  twenty-four 
hours),  the  wings  of 
the  leaf  will  be  found 
to  have  expanded 
again.  If  fragments 
of  raw  meat  are  placed 
on  a  Dionasa  leaf  so 
as  to  touch  the  fila- 
ments, there  is  an  im- 
mediate closing  move- 
ment. In  this  case, 
however,  the  leaf  re- 
mains closed  for  a  long  time  (in  experiments  conducted  by  me 
for  more  than  eight  days),  thus  differing  from  leaves  induced  to 
close  by  placing  non-nitrogenous  bodies  on  their  surface  (frag- 
ments of  glass,  paper  pellets),  or  by  simply  touching  their 
filaments.  When  a  Dionaea  leaf,  on  which  have  been  placed 
fragments  of  meat,  opens  again,  it  is  seen  that  the  meat  is  more  or 
less  disorganised  and  dissolved,  this  result  being  due  to  a  secretion 
pix)duced  by  glands  present  on  the  upper  side  of  the  leaf.     This 


Fio.  31.— Leaf  of  Dionsa  maacipula,  expanded  and 
seen  from  the  side.    (After  Darwin.) 
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secretion  has  an  acid  reaction.  It  is  often  still  found  in  moderate 
quantities  on  the  surface  of  leaves  which  have  been  fed  with  meat, 
and  in  course  of  time  have  opened  again.  Non-nitrogenous  bodies 
do  not  induce  the  production  of  a  glandular  secretion  when  placed 
on  a  Dionsea  leaf ;  the  upper  surface  of  the  leaf  wings,  in  the 
absence  of  proteid  substances,  remains  diy.^ 


^  A  peptonising  ferment  has  been  isolated  from  Drosera  leaves  by  Reess  and 
Will.     See  Botan.  Zeitung,  1876,  Nr.  44. 

*  Literature.  Daiwin,  Insectivorous  Plants ^  1876;  Sehimper,  Botan.  Zeitung, 
1882 ;  H.  de  Yries,  Botan.  Zeitung,  1886  ;  Elemm,  Flora,  1892. 

^  For  a  detailed  acoount  of  the  behaviour  of  these  plants,  see  Danvin,  Insec- 
tivorous Plants,  For  a  general  view  of  the  subject,  consult  Detmer,  Lehrbuch 
der  Pjianzenphysiologiej  1888,  pp.  65  and  282. 


SECOND  SECTION. 

The  Molecular  Forces  in  Plants. 

I.     THE  MOST  IMPORTANT  ORGANISED   STRUCTURES 

OF  PLANT  CELLS. 

42.    The  Membranes  of  Plant  Cells. 

The  membranes  of  plant  cells  are  bj  no  means  always  com- 
posed chiefly  of  cellulose,  but  are  frequently  more  or  less  rich  in 
other  substances,  which  we  may  call  in  general  imbedded  sub- 
stances (Einlagerungskorper) .  To  such  deposition  of  foreign 
substances  is  due,  e.g.,  the  cuticularisation  and  lignification  of 
membranes,  with  which  we  shall  deal  further  in  the  sequel.  In 
many  other  cases,  however,  cellulose  does  form  the  most  essential 
constituent  of  the  cell  membranes,  as  is  immediately  shown  by 
their  behaviour  towards  various  reagents. 

We  place  on  a  slide  in  a  drop  of  water  hairs  from  the  seed  of  a 
Gossypinm  or  a  few  fibres  of  cotton  wool.  It  is  readily  deter- 
mined that  the  hairs,  which  in  general  are  conical  in  form,  have 
comparatively  thick  membranes,  and  only  stain  brownish  on  an 
addition  of  iodised  solution  of  Potassium  iodide  (prepared  by 
dissolving  005  gr.  of  Iodine  and  0*2  gr.  of  Potassium  iodide  in 
15  gr.  of  water).  We  now  run  in  Sulphuric  acid  from  the  edge  of 
the  cover-glass  (a  mixture  of  2  parts  of  concentrated  Sulphuric 
acid  and  1  part  of  water),  and  at  once  observe  that  the  bail's 
stain  blue.  The  membranes  of  other  cells  which,  like  those  of 
cotton  hairs,  consist  chiefly  of  cellulose,  give  the  same  reaction. 
Similarly  all  cell  membranes  which  consist  essentially  of  cellulose, 
stain  violet  on  treatment  with  iodised  solution  of  Zinc  chloride, 
as  we  may  easily  ascertain  by  treating  a  few  fibres  of  cotton  wool 
on  the  slide  with  the  reagent.  ChUyt'-zinc-iod,  solution  is  prepared 
as  follows  :  We  dissolve  pure  rod  zinc  in  pure  Hydrochloric  acid, 
at  the  ordinaiy  temperature,  until  saturated,  evaporate  in  presence 
of  excess  of  metallic  zinc  to  the  consistency  of  Sulphuric  acid,  add 
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as  much  Potassiam  iodide  as  can  be  absorbed,  and  finally  saturate 
the  solution  with  Iodine. 

We  can  easily  convince  ourselves  of  the  existence  of  the  cuticle 
by  study  of  a  transverse  section  of  a  one-year-old  stem  of  Viscum 
album,  or  of  a  leaf  of  an  Aloe.  The  cuticle  is  also  very  strongly 
developed  on  the  surface  of  the  leaf  of  Ilex  aquifolium.  A  very 
delicate  transverse  section  through  the  midrib  of  an  Ilex  leaf 
teaches  us  that  the  epidermal  cells  of  the  under  side  of  the  leaf 
have  a  half-moon  shaped  lumen.  The  cnticularised  layers  of  the 
cell  membranes  extend  into  the  side  walls  of  the  cells,  and  are 
covered  on  the  outside  by  the  cuticle  proper.^  The  cuticle  of  iliost 
leaves  and  of  other  parts  of  plants  is  thin  and  very  delicate  in 
constitution. 

To  familiarise  ourselves  with  cork  tissue,  we  may  examine 
delicate  transverse  sections  of  the  skin  of  a  potato,  of  an  ordinary 
bottle  cork,  or  of  one  of  the  older  stems  (say,  1  cm.  thick)  of  a 
plant  of  Aristolochia  Sipho.  The  cork  cells,  arranged  in  radial 
rows,  are  more  or  less  tabular  in  form.  On  studying  the  periderm 
of  Aristolochia,  it  is  seen  that  broader  zones  of  wide  cork  cells,  and 
thinner  zones  of  narrow  cork  cells,  alternate  with  one  another. 
Concentrated  potash  solution  stains  both  cnticularised  and  corky 
membranes  yellowish.  This  coloration  is  intensified  by  warming 
the  preparations.* 

We  prepare  a  transverse  section  of  a  twig  of  Tilia  a  few  mm. 
in  thickness.  The  microscopical  structure  is  easy  to  understand. 
We  are  here  chiefly  concerned  with  the  wood  and  the  bast  of 
the  vascular  bundles,  the  former  being  composed  principally  of 
vessels  of  varying  diameter  and  wood  fibi'es.  The  bast  masses 
taper  in  a  wedge-like  manner,  the  apices  of  the  w^edges  being 
directed  towards  the  cortex,  while  the  wedge-shaped  ends  of  the 
primary  medullary  rays,  which  alternate  with  the  masses  of  bast, 
turn  their  apices  towards  the  wood.  In  the  bast  masses  bright 
strips,  composed  of  very  much  thickened  bast  fibres,  alternate  with 
dark  strips  of  soft  bast.  We  now  lay  our  section  on  the  slide,  in 
a  drop  of  alcoholic  phloroglucin  solution.  After  a  little  time,  when 
the  alcohol  has  evaporated,  we  moisten  the  section  with  concen- 
trated Hydrochloric  acid,  and  examine  it  under  the  microscope. 
All  the  lignified  elements  have  stained  red,  while  the  unlignified 
elements  remain  unstained,  so  that  phloroglucin  forms  an  ex- 
cellent reagent  for  woody  material.^  It  is  particularly  to  be 
observed  that  not  only  the  elements  of  the  wood  proper  of  the 
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fibi'o-vascolar  bandies  are  coloured  red,  but  also  the  elements  of 
the  bask  fibre  bands  between  the  strips  of  soft  bast,  and  therefore 
these  also  have  lignified  membranes. 

If  we  treat  sections  of  twigs  of  Fagus  sylvatica,  2  mm.  thick, 
with  phloroglucin  and  Hydrochloric  acid  as  above  described,  it 
will  be  found  that  lignification  has  taken  place  in  all  the  follow- 
ing tissues :  in  the  whole  of  the  pith,  in  the  medullary  rays,  in 
the  wood  of  the  vascular  bundles,  and  in  the  masses  of  bast  fibres 
which  adjoin  the  soft  bast  on  the  outside.  The  elements  of  the 
cambium,  of  the  soft  bast,  of  the  cortex,  and  of  the  periderm,  do 
not  stain  red,  and  therefore  are  not  lignified.  Another  very  use- 
ful reagent  for  woody  material  is  aniline  sulphate.  We  prepare 
a  concentrated  aqueous  solution  of  this  substance,  add  to  it  some 
Sulphuric  acid,  and  treat  the  section  on  the  slide  with  a  drop  of 
the  reagent.  The  lignified  elements  quickly  become  more  or  less 
yellow  in  colour.  I  found,  e.g.,  that  the  bast  fibres  in  twig^  of 
Fagus  sylvatica  become  bright  golden-yellow  in  colour  when 
treated  with  aniline  sulphate.  On  treatment  with  an  aqueous 
solution  of  methyl  green,  lignified  elements  take  on  a  beautiful 
greenish-blue    colour, 

while    the  unlignified  -  ,,       C 

elements  for  the  most 
part  stain  blue. 

To  familiarise  our- 
selves with  the  most 
important  forms  of 
thickening  in  the 
elements  of  woody 
tissue,  the  following 
observations  must  be 
made.     The  border^ 

pits  of  the    tl*acheides       ^^o-  32.— Pinus  ^ylvestris.  At  a  bordered  pit  of  a  tracheide 

...  ..in  surrace  view ;  £,  a  bordered  pit  in  longitodinal  tangential 

or  coniferous  wood  are   j^ectlon,  t  the  torus;  C,  the  transverse  section  of  an  entire 

best    studied    in     deli-   ^i^cheide;  m,  middle  lamella,  i,  the  limiting  membrane. 

.  Magn.  540.    (After  Strasbnrger.) 

cate  transverse  sec- 
tions and  radial  longitudinal  sections  from  the  peripheral  parts  of 
the  wood  of  old  stems  of  Pinus  sylvestris  which  have  been  preserved 
in  alcohol  (see  Fig,  32).  The  tracheides  are  elongated,  and  their 
tapering  ends  interlock  with  each  other.  Their  bordered  pits  are 
easily  recognised  on  the  radial  walls,  the  walls,  viz.,  which  are 
turned  towardjs  the  medullary  rays.     If  we  prepare  delicate  radial 
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longitndiTial  sections  through  the  secondary  wood  of  a  twig  of 
Aristolochia  Sipho  abont  1  cm.  in  thickness,  we  shall  observe 
numerans  tracheides  with  bordered  pits,  together  with  narrow 
and  very  wide  vessels  with  bordered  pits  and  annular  diaphragms. 
IE  we  examine  radial  longitudinal  sections  of  twigs  of  Berberia 
valgaris,  we  shall  observe  that  the  entire  wood  consists  almost 
esclnsively  of  vessels  with  bordered  pits,  and  of  wood  fibres.     The 


trne  spiral  vessels  of  the  primary  wood  of  the  vascniar  bundles 
may  be  very  beautifully  seen,  in  addition  to  other  elements  (pitted 
vessels,  wood  fibres,  etc.),  if  we  examine  radial  longitudinal  sec- 
tions of  the  stem  of  Helianthus  aunuus  or  of  the  fully  elongated 
hypocotyl  ot  Ricinas  communis.  We  employ  alcohol  material, 
or  in  the  ease  of  Heliantbas  dried  material  will  serve  *  (see 
Fig.  33). 

It  is  instructive  to  separate  the  elements  of  the  wood  from  one 
another  by  the  maceration  method.     We  place  a  few  crystals  uf 
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Fi«.  34.—  TiUa  parrifolia.  Elements  of  the  secondary  wood  and  bast  isolated  by  macera- 
tion. A  and  B,  wood  fibres  (libriform  fibres) ;  C,  wood  parenchyma  ;  D  and  B,  tracheides ; 
T,  segment  of  a  ressel ;  Q,  bast  fibre.    Mag^n.  180.    (After  Strasbnrger.) 
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Potassium  chlorate  in  a  wide  test  tube,  and  add  enough  Nitric 
acid  to  cover  them  completely.  We  then  drop  into  the  mixture 
not  too  thin  longitudinal  sections  from  the  wood  of  a  twig  of 
Tilia,  5  mm.  thick,  and  heat  over  a  spirit  flame  till  a  brisk  evo- 
lution of  gas  takes  place.  After  allowing  the  reaction  to  proceed 
for  a  few  minutes  longer,  we  pour  the  entire  contents  of  the  test 
tube  into  a  large  quantity  of  water,  remove  the  floating  sections 
with  a  glass  rod,  wash  them  with  clean  water,  and  lay  them  in  a 
drop  of  water  on  the  slide.  By  the  maceration  method  the  middle 
lamella  between  neighbouring  elements  is  destroyed,  and  conse- 
quently the  preparations  may  now  be  easily  teased  out  with 
needles,  so  that  the  isolated  elements  of  the  wood  can  be  separately 
observed.  We  recognise  particularly  the  presence  of  many  wood 
fibres  and  vessels  (these  latter  have  partly  fallen  to  pieces),  but 
even  thin-walled  wood  parenchyma  cells  and  tracheides  are  not 
altogether  absent  (see  Fig.  34). 


*  See    de    Bary,    Comparative  Anatomy   of   the    Vegetative  Orgatu   of  the 
Phanerogam*  avd  Fema^  p.  74. 

*  For  farther  reactions,  see  v.  Hohnel  in  Sitzungsber,  d.  Akadem.  d.  Wis$. 
zu  Wien,,  Bd.  76,  Erste  Abtheiluug,  p.  507. 

*  Wiesner,  Sitzber.  d.  Akadem.  d.  Wi»s.  zu  Wien.,  Bd.  77,  1.  Abth.,  1878,  p. 
60.  For  details  respecting  lignified  ani  aaberised  membranes,  see  Zimmer- 
mann,  Die  botanUche  Mikrotechniky  1892,  p.  140,  where  also  the  literature  is 
givpij. 

*  On  the  chemical  character  of  the  substances  causing  HgniQcation  of  tbe 
membranes,  see  Singer,  Sitzungsber.  d.  Akadem.  d.  Wiis.  zu  Wien^  1882,  Bd.  85, 
p.  315.  An  important  constituent  of  the  ligniiied  membranes  of  plant  cells, 
whose  presence  may  perhaps  cause  the  reactions  with  phloroglucin  and  aniline 
Halphate,  is  vanillin.  According  to  my  view,  however,  the  recent  work  of 
Lange,  Thomsen,  Hegler  and  others,  has  not  yet  settled  the  question  of  the 
chemical  nature  of  wood  substance. 


43.    Starch  Grains. 

A  small  quantity  of  air-dry  potato  meal  is  placed  in  a  drop  of 
water  on  a  slide,  and  covered  with  a  cover-glass.  Or  we  halve  a 
potato,  scrape  the  cut  surface  with  a  knife,  and  examine  the 
scrapings  under  the  microscope.  The  starch  grains  of  the  potato 
are  of  very  different  sizes,  some  of  them  becoming  relatively  very 
large.  They  are  excentric,  i.e.  the  organic  centre  round  which 
the  layers  are  arranged  does  not  correspond  with  the  geometrical 
centre  (see  Fig.  35). 
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We  cut  through  a  rhizome  of  Canna  indica,  scrape  tbe  cut 
Burface  with  a  knife,  and  then  place  a  small  qnaatitj  of  th& 
serapinf^  in  a  drop  of  water  on  a  slide  and  cover  with  a  cover' 


glass.  On  microscopic  examination  we  perceive  large  numbers  of 
beantifnllj  layered  starch  gi'aina,  very  excentric  in  construction, 
and  of  considei'able  size  (see  Fig.  36). 
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The  starch  grains  from  the  cotyledons  of  seeds  of  Phaseolus 
vulgaris  are  centric.  If  we  examine  them  in  a  drop  of  water,  we 
observe  in  the  middle  of  each  grain  a  cavity,  which,  however,  is 
due  to  the  action  of  the  water,  for  if  the  starch  grains  of  the  bean 
are  observed  in  glycerine,  they  do  not  exhibit  this  cavity  (see 


Fio.  37.— Starch  grains  from  the  cotyledons  of  Phaseolus  vulgaris.    Magn.  610.    (After 
Btrasburger.) 

Fig.  37).  The  starch  grains  from  the  endosperm  of  Triticum 
present  themselves  as  round  structures  of  very  different  sizes. 
They  are  centric.  Indications  of  lamination  are  very  difficalt  to 
make  out. 


44.    The  Behaviour  of  Starch  towards  Iodine. 

A  little  potato  starch  is  treated  with  distilled  water  in  a  test- 
tube.  We  put  it  aside  for  a  few  hours,  shaking  frequently,  and 
then  filter  off  the  fluid.  If,  by  means  of  a  glass  rod,  we  add  a 
little  alcoholic  Iodine  solution  to  the  filtrate,  the  blue  colour  does 
not  appear.  Distilled  water  is  unable  to  take  up  starch  from 
uninjured  starch  grains. 

A  little  potato  starch  is  treated  with  water  in  a  test-tube.  On 
warming,  a  turbid  mixture  of  starch  substance  and  water  (starch 
paste)  is  formed.  On  adding  to  the  starch  paste,  after  it  has 
cooled  down,  some  alcoholic  Iodine  solution,  the  fluid  assumes 
a  very  characteristic  beautiful  blue  coloration.  This  reaction  is 
very  delicate,  as  we  can  easily  prove  by  pouring  a  small  quantity 
of  the  starch  paste  into  a  very  large  quantity  of  water,  and  then 
adding  Iodine  solution.  The  fluid  still  becomes  blue.  On  warm- 
ing starch  paste  coloured  blue  by  Iodine,  the  characteristic  colour 
quickly  disappears,  since  water  at  a  high  tempei'ature  can  dissolve 
a  fairly  large  quantity  of  Iodine,  and  hence,  under  the  conditions 
described,  can  withdraw  it  from  the  starch  substance.  When  the 
starch  paste  cools,  the  blue  colour  reappears. 

A  very  small  quantity  of  potato  staixih,  or  a  small  quantity  of 
some  other  kind  of  starch,  is  mounted  in  a  drop  of  water  on  a 
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slide.  We  now  place  at  the  edge  of  the  cover-glass  a  drop  of  some 
Iodine  reagent  (Iodine  water,  iodised  Potassiam  iodide  solution, 
or  dilute  iodised  alcohol).  To  prepare  Iodine  water  we  treat 
Iodine  with  distilled  water,  and  put  aside  for  a  few  days.  To 
prepare  the  iodised  Potassium  iodide  solution  we  add  60  parts 
of  water  to  3  parts  of  Potassium  iodide,  and  then  add  1  part 
of  Iodine.  The  solution  may  be  diluted  with  water.  The  Iodine 
reagent,  being  placed  at  the  edge  of  the  cover-glass,  gradually 
advances  towards  the  starch  grains,  and  it  may  easily  be  observed 
under  the  microscope  that  these  at  first  stain  faintly  bluish,  but 
little  by  little  become  more  intensely  blue  as  they  take  up  more 
and  more  Iodine. 

Dry  potato  starch  is  placed  on  a  slide  in  a  drop  of  Iodine  tinc- 
ture, freshly  prepared  by  dissolving  Iodine  in  absolute  alcohol. 
On  micix>scopic  examination  it  is  seen  that  the  starch  grains  do 
not  become  blue,  but  brownish  in  colour.  If  we  allow  access  of 
water,  the  characteristic  blue  tint  appears.  The  starch  grains, 
therefore,  are  only  able  to  stain  blue  with  Iodine  when  they  have 
imbibed  a  fair  quantity  of  water. 

45.    Behaviour  of  Starch  Grains  in  Polarised  Light. 

It  is  very  instructive  to  investigate  the  phenomena  studied  by 
von  MohP  and  Nageli,^  which  are  exhibited  by  starch  grains 
when  examined  in  polarised  light.  We  require  for  this  purpose 
a  polarising  apparatus  and  a  microscope  stand  with  a  sufficiently 
high  stage.  The  polariser  is  accommodated  below  the  stage.  For 
the  analyser  it  is  best  to  use  the  ocular  analyser  of  Abbe,  which, 
as  also  the  polariser,  may  be  obtained  of  Zeiss,  Jena. 

The  starch  grains  are  mounted  on  the  slide  in  the  usual 
manner,  in  a  drop  of  water,  and  covered  with  a  cover-glass. 
When  the  planes  of  polarisation  of  the  polariser  and  analyser  are 
parallel  to  one  another,  the  field  of  view  is  bright,  and  they  must 
be  so  arranged  for  focussing  the  preparation.  When  the  Niools 
are  crossed  (by  rotating  the  ocular  analyser),  the  field  of  view 
becomes  dark.  The  amylum  grains  stand  out  very  brightly  from 
the  dark  background,  and  bear  a  black  cross.  Very  beautiful 
colour  effects  are  to  be  observed,  if  we  examine  starch  grains 
through  a  polarising  microscope  after  plates  of  gypsum  of  a  par- 
ticular description  have  been  interposed  between  the  object  and 
the  polariser.^ 
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I  have  observed  the  behavionr  in  polarised  light  of  a  whole 
Beries  of  different  kinds  of  starch  graias ;  potato  starch  gave  the 
most  beantifnl  figures  of  all.  We  can  do  longer  retain  the  view 
that  the  micella;  of  starch  grains,  and  similar  organised  plant 
stractures,  are  of  the  nature  of  optically  biaxial  crystals.  The 
characteristic  behaviour  of  organijted  plant  structares  in  polarised 
light  mnst  be  otherwise  explained.*  I  do  not,  however,  as  I  have 
already  emphasised  elsewhere,  reject  the  theory  that  organised 
plant  stractures  consist  of  micellw.'' 

'  Sea  H.  T.  Mohl,  Boian.  Ztitung.  1658,  p.  1. 

'  See  NiigeU,  Sitzungebirichtt  d.  Akadim.  d.  Witi.  za  ilSnchen,  1862,  Bd.  1, 
p.  311. 

°  See  detailed  aacountiu  Nageli  and  Schwendener's  ilicroteope. 

*  See  Strasburger,  ISau  und  Wachilkum  d.  ZtllhUutt,  1832,  p.  208  ;  and  Zim- 
mermBnn.  Brrichlt  d.  Dtuttchen  botan.  GeielUcha/t,  Bd.  2,  p.  ivii. 

*  S«e  Detmer,  Ltbrtmch  der  Pfianienphyiiologit,  13B3,  p.  71. 


46.    The  Protoplaamic  StmctarsB  of  Plant  Cells. 

All  the  albnminona  and  organised  constituents  of  the  cell  con- 
tents are  to  be  regarded  as  protoplasmic  structurea  (the  living 
protoplasm  proper,  the  nuclei,  leucoplasts,  and  the  protein  grains, 
etc.).  The  chlorophyll  bodies  have  already  been  diacnased  in  5, 
and  we  shall  i-etnrn  later  to  other  protoplasmic  structures  impr^- 
nated  with  pigments. 

The  appearance  which  the  protoplasm  (cytoplasm)  of  the  cells 
presents  under  the  microscope  is  essentially  dependent  on  the 
number  and  size  of  the  vacuoles  filled  with  cell-sap  which  are 
present  in  it.  The  presence  of  many  small  vacnoles  in  the  plasma 
gives  it  a  foamy  appearance  ;  while  the  protoplasm  of  many  cells, 
especiiilly  of  mature  ones,  exhibit.s  a  single  continuous  sap  cavity, 
snch  as  is  represented  in  Fig.  5,  p,  18,  and  in  I'ig.  38.  We  mount 
in  a  drop  of  water,  withont  special  preparation,  young  leaves  from 
the  end  bad  of  an  Klodea,  and  examine  under  the  microscope.  The 
parietal  layer  of  protoplasm,  lining  the  inside  of  the  ceil  membrane 
of  each  cell,  is  easily  made  out,  as  also  the  mass  of  protoplasm 
collected  ronnd  the  nucleus.  These  two  are  connected  by  threads 
of  pivtoplasm  which  traverse  the  vacuole  of  the  cell.  In  the 
protoplasm  numerous  chlorophyll  bodies  are  readily  seen.  The 
staminal  hairs  of  Tradescantia  are  made  up  of  single  rows  of  cells 

'Li  lining  a   violet  cell-sap.      These   cells  arc    similar   in  their 


^ 
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protoplasmic  construction  to  those  of  El  odea  (see  Fig.  38),  as  may 
readily  be  determined  if  we  remove  with  the  forceps  a  taft  of 
hairs  from  opening  flowers  of  Tradescantia  virginica,  or  a  related 
species,  and  examine  them  under  the  microscope. 

The  now  well-established  fact  that  the  protoplasmic  masses  of 
neighbouring  cells  are  almost  universally  connected  with  each 
other  by  delicate  plasmic  threads  travers- 
ing the  cell-walls/  is  of  the  utmost  im- 
portance. 

We  employ  for  investigation  stems  of 
Rhamnus  Frangula,  at  least  1  cm.  in 
thickness.  These,  after  Strasburger,  are 
treated  as  follows :  We  remove  the  peri- 
derm, and  prepare  very  delicate  tangential 
longitudinal  sections  of  the  green  cortex. 
In  examining  the  structure  of  the 
secondary  cortex,  we  direct  our  attention 
particularly  to  the  chlorophyll-containing 
bast  parenchyma,  whose  walls  are  pro- 
vided with  unbordei*ed  pits.  The  elements 
of  this  bast  parenchyma  are  rectangular 
in  form.  In  addition  we  see  the  elongated 
bast  fibres,  and  the  spindle-shaped  sections 
of  the  medullary  rays.  We  now  bring 
fresh  sections  from  the  secondary  cortex 
on  to  a  cover-glass,  add  a  drop  of  con- 
centrated Sulphuric  acid,  and  after  a  few  seconds  dip  the  cover- 
glass  into  a  vessel  of  fresh  water,  so  as  to  wash  the  sections 
rapidly  and  as  completely  as  possible.  We  then  stain  the  sections 
with  aqueous  solution  of  aniline  blue,  wash  with  water,  and  mount 
in  glycerine  diluted  with  water.  Instead  of  aniline  blue,  we  may 
employ  with  advantage  picric-aniline  blue,  prepared  by  dissolving 
Picric  acid  to  saturation  in  5  per  cent,  alcohol,  and  adding  aniline 
blue  till  the  fluid  is  bluish-green  in  colour.  In  successful  prepara* 
tions  the  walls  of  the  bast  parenchyma  cells  are  so  much  swollen 
that  they  have  about  the  same  diameter  as  the  contracted  and 
stained  plasmic  cell  contents,  and  the  middle  lamellse  are  also  much 
swollen.  Not  all  preparations,  and  not  all  the  cells  of  a  prepara^ 
tion,  are  suitable  for  examination.  The  cells  must  be  completely 
intact,  and  the  fixation  by  means  of  Sulphuric  acid  must  have 
been  effected  sufficiently  quickly. 


Fio.  38. — A  eell  of  a  seminal 
hair  of  Tradescantia  virginic^l 
Mflfrn.  210.  (After  Stras- 
burger.) 
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The  protoplasm  of  the  individnal  cells  of  the  parenchyma 
appears  smooth  in  ontline  at  places  where  it  bordered  on  a  cell- 
wall  provided  with  very  fine  pores ;  it  shows  thicker  or  thinner 
processes  where  the  adjacent  cell-wall  possessed  wider  pits.  The 
protoplasmic  processes  of  neighbouring  cells  correspond  with  one 
another.  If  we  consider  the  swollen  closing  membrane  separat- 
ing two  specially  broad  plasmic  processes,  directed  towards  each 
other,  we  find  ronning  between  them  a  nomber  of  extremely  fine 
granular  threads.  Tiiese  are  the  plasmic  filaments,  which  connect 
the  living  protoplasm  of  the  two  cells.  Where  the  adjoining 
protoplasmic  surfaces  appear  smooth,  the  middle  layers  of  the 
cell-wall  between  them  are  seen  to  be  traversed,  often  throughout 
their  entire  extent,  by  filaments,  which  at  their  middle  appear 
somewhat  swollen. 

The  protoplasm  is  always  bounded  on  its  surface,  even  when 
surrounded  by  a  cell-wall,  by  a  hyaline  layer,  the  ectoplasm 
{Haiitichichl)  or  hyaloplasm.  This  layer  is,  however,  also  present 
at  places  where  the  protoplasm  borders  on  the  cell-sap.  The  bulk 
of  the  protoplasm  is  formed  by  the  granular  layer,  which  is  dis- 
tinguished by  its  great  richness  in  water  and  by  its  power  of 
mo<rement,  and  fnrther  by  the  fact  that  it  contains  microsomata, 
and  oft«n  also  chlorophyll  bodies,  etc.  The  hyaloplasm  of  most 
cells  is  too  delicate  to  be  observed  directly.  In  some  cases, 
however,  its  presence  may  easily  be  determined,  and  it  is  specially 
well  developed  iu  the  intevnodai  cells  of  Nitella,  a  genua  of  AJgte 
of  which  representatives  may  frequently  be  met  with,  vigorously 
developed,  in  waters  poor  in  lime.  The  masses  of  the  granular 
layer  of  the  protoplasm  are  here  in  active  rotation,  whilst  the 
hyaloplasm  does  not  share  this  movement, 

I  have  often  and  emphatically  pointed  out'  that  there  is  no  kind 
of  identity  between  dead  and  living  piYiteid  molecules  of  the  proto- 
plasm. Certain  observations  of  Loew  and  Bokorny,^  which  we 
must  consider  in  some  detail,  are  in  harmony  with  this  view.  We 
prepare  a  solution  of  potash  of  1333  sp.  gr.,  and  add  13  o.c.  of  it 
to  10  c.c.  of  ammonia  of  0*960  sp.  gr.  The  mixture  is  made  up  to 
100  c.c.  We  further  prepare  a  1  percent,  solution  of  Silver  nitrate. 
For  use,  1  c,c.  each  of  the  potash-ammonia  fluid  and  the  Silver 
solution  are  mixed,  and  diluted  up  to  1  litre.  We  now  place  in 
a  litre  of  the  alkaline  Silver  solution  a  few  filaments  of  Spirogyra 
(other  cells  show  the  reaction  in  question  iu  the  same  manner,  but 

*  so  clearly),  and  allow  them  to  remain  in  it  for  some  time  (at 
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a  higher  temperature,  e.g,  30°  C,  for  about  three  hours,  at  a  lower 
for  a  longer  time),  and  then  e^^mine  microscopically.  The  pix)to- 
plasm  of  the  cells,  owing  to  reduction  of  the  Silver  salt  in  the 
solution,  has  stained  black  ;  but  it  is  specially  important  to  observe 
that  this  reaction  only  takes  place  when  the  cells  were  living  at 
the  commencement  of  the  experiment.  Spirogjra  cells  killed  by 
heat,  or  alcohol,  or  otherwise,  only  acquire  a  yellow  or  brown 
colour  on  exposure  to  the  alkaline  Silver  solution.  The  protoplasm 
of  originally  living  cells  of  Spirogyra  blackens  somewhat  more 
slowly,  but  even  better,  if  we  lay  a  few  filaments  of  the  alga  in 
a  solution  composed  of  10  mg.  of  Silver  nitrate  and  5  c.c.  of  lime 
water,  to  1  litre  of  water.  In  this  case,  access  of  air  containing 
Carbon  dioxide  is  to  be  carefully  avoided  during  the  reaction. 

According  to  my  view,  the  blackening  of  the  protoplasm  of  cells 
brought  into  contact,  while  living,  with  the  Silver  solutions,  is  at 
least  frequently  due  essentially  to  the  reduction  of  the  Silver  salt 
by  non- nitrogenous  bodies,  of  the  nature  of  aldehydes,  which, 
together  with  amido-acids  and  acid  amides,  are  produced  in  the 
decomposition  of  the  living  proteid  molecules.  Dead  proteid 
molecules  have  no  such  effect  on  the  Silver  solution,  since  they 
do  not  decompose  like  the  living  proteid  molecules. 

We  now  pass  on  to  the  cell-nucleus.  That  this  contains  proteid 
substances  is  shown  by  its  behaviour  towards  reagents.  In  con- 
tact with  iodised  Potassium  iodide  solution  (prepared  by  dissolving 
0050  grm.  of  Iodine  and  0*200  grm.  of  Potassium  iodide  in  15  c.c. 
of  distilled  water),  the  cell-nucleus  takes  on  a  yellowish  colour. 
Methyl  green  Acetic  acid  (prepared  by  adding  methyl  green  to 
1  per  cent.  Acetic  acid)  stains  the  nucleus  very  beautifully.  On 
treating  the  cells  with  these  reagents  the  nuclei  stand  out  more 
conspicuously,  which  is  often  a  matter  of  conside^rable  importance. 
The  nuclei  of  the  epidermal  cells  of  Aspidistra  leaves  stain  very 
beautifully  with  methyl  green  Acetic  acid,  as  I  have  often  found. 
To  familiarise  ourselves  with  the  reaction  of  nuclei  to wai-ds  iodised 
Potassium  iodide  solution,  we  investigate  the  epidermal  cells  of 
the  leaf  of  Escheveria  globosa,  or  delicate  transverse  sections 
through  the  first  leaf  sheath  of  young  maize  seedlings.  In  the 
cells  of  the  parenchyma  of  the  sheath  are  present  fairly  large  cell- 
nuclei.  Beautifully  developed  nuclei  are  present  in  the  cells 
adjoining  the  stomata  on  the  under  side  of  the  leaf  of  Tradescantia 
virginica.  We  can  easily  ascertain  that  this  is  the  case  by  micro- 
scopic examination  of  strips  of  epidermis  from  the  leaves. 
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The  starch-forming  corpuscles,  leucoplasts,  have  a  special 
interest  for  us.  Their  function,  as  Schimper  6rst  demonstrated,* 
is  the  regeneration  of  starch  grains  from  dissolved  carbohydi*ates 
which  are  in  migration,  or  have  already  passed  over  into 
receptacles  for  reserve  material.  The  largest  and  most  beautiful 
starch- forming  corpuscles  .with  which  we  are  acquainted  occur  in 
the  pseud o- tubers  of  Phajus  grandifolius,  one  of  the  Orchidacese. 
For  examination  we  select  a  not  too  old  tuber,  halve  it,  and  pre- 
pare from  the  crown  thin  longitudinal  sections  including  the  green 
surface  of  the  tuber.     I  have  satisfied  myself  that  it   is  best  to 

transfer  the  sections  rapidly  to 
concentrated  Picric  acid,  and  ex- 
amine them  in  this.  The  starch- 
forming  corpuscles  of  the  cells  of 
the  inner  parts  of  the  sections  are 
colourless ;  towards  the  outside 
the  starch-formers  certainly  be- 
come larger,  but  their  proto- 
plasmic matrix  is  impregnated 
with  chlorophyll.  The  leucoplasts, 
when  seen  in  profile  (see  Fig.  39), 
appear  rod-shaped.  They  have 
assumed  a  yellowish  colour  owing 
to  the  treatment  with  the  Picric 
acid,  while  the  larger  or  smaller 
starch  grains  seated  on  them 
remain  unstained. 
We  now  proceed  to  investigate  the  protoplasmic  structures  of 
resting  organs.  Above  all,  we  are  interested  in  the  forms  in  which 
reserve  proteid  materials  occur  in  seeds.  We  first  of  all  take  for 
examination  a  lupin  seed,  halve  it,  moisten  the  cut  surface  of  the 
cotyledons,  and  examine  delicate  sections  in  water.  We  find  in 
the  cells  numerous  small  aleuix>ne  or  protein  gi'ains,  lying  closely 
packed  together,  which  have  become  somewhat  changed  in  form 
under  the  influence  of  the  water.  If  preparations  are  examined 
in  glycerine,  the  unaltered  protein  grains  appear  as  highly  re- 
fringent  bodies,  which  at  first  sight  look  like  small  starch  gi^ains. 
The  aleurone  grains  in  the  cells  are  imbedded  in  a  pi'otoplasmic 
matrix.  Very  beautifully  developed,  large  protein  grains,  em- 
bedded in  a  fatty  matrix,  occur  in  the  endosperm  cells  of  the  seeds 
of  Ricinus.     Sections  of  the  tissue  are  easily  prepared,  and  may 
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Fig.  39.— Phajus  grand  if  oliiia,  starch 
formers  from  the  tubes.  A^C^D  and  K. 
seen  from  the  side ;  B,  from  above. 
Magn.  6M.     (After  Sbrasburger.) 
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be  examined  in  water,  the  disturbing  action  of  which  only  takes 
place  slowly.  If,  from  the  edge  of  the  cover  glass,  we  run  in 
alcoholic  solution  of  Iodine,  the  aleurone  grains  stain  yellow  : 
they  give,  in  fact,  proteid  reactions.  If  sections  lying  in  wat-er 
are  treated  with  alcohol  from  the  edge  of  the  cover-glass,  the 
crystalloids  in  the  aleurone  grains  become  fairly  distinct.  On 
examination  of  sections  in  a  drop  of  anhydrous  Acetic  acid  (glacial 
Acetic  acid)  the  protein  grains  swell  up  considerably,  the  crystal- 
loids swell  and  disappear,  but  the  globoids  stand  out  sharply. 

Sections  of  the  endosperm  of  seeds  of  Bertholletia  excelsa 
(Brazil  nut)  are  par- 
ticularly interesting.  ^  ^^a-rr:^-----.-,.^.  A 
If  absolute  alcohol  be 
added  to  a  section 
lying  in  water,  the 
characteristic  enclo- 
sures of  the  aleurone 
grains  come  clearly 
into  view  (for  illustra- 
tions see  PfefFer  in 
Pringsheim*s  Jahrb.  f. 
wissenschl.  Botanik,  Bd. 
8,  Tafel  36,  Figs.  16 
and  17).  We  have 
here  firstly  the  proteid 
crystalloids,  which  in 
Bertholletia  are  com- 
paratively large,  and 
then  the  globoids,  com- 
pounds of  a  double 
phosphate  of  Calcium 
and  Magnesium.  If 
we  treat  sections  of 
Brazil  nut  with  1  per 
cent,  solution  of  Osmic 
acid  (aqueous  solution 
of  the  acid,  which 
must  be  kept  in  the 
dark),  we  shall  observe 


Fio.  40.— From  the  endosperm  of  Ricinaa  communis. 
At  an  endospenn  cell  with  its  contents  in  water;  B, 
single  aleurone  grains  in  olive  oil.  g,  the  globoid ;  k,  the 
crystalloid.    Magn.  540.    (After  Strasburger.) 


^■1  -H — 


"''■V't  V^^'^  P 


Fio.  41. — Cells  from  the  cotyledons  of  the  pea.  m,  cell 
wall;  t,  intercellular  space;  am^  starch  grains;  a  I, 
aleurotte  grains ;  p,  ground  substance ;  n,  cell  nucleus, 
drawn  in  after  treating  the  preparation  with  methyl 
green  Acetic  acid.    Magn.  240.    (After  Strasburger.) 


the  crystalloids  still  more  distinctly,  since  they  only  slowly  become 
yellow,   while  the  rest  of  the  cell  contents,  and   especially   the 


122 


PHYSIOLOGY  OF  NCTRITIOS. 


fatty  ground  sTibstance  in  which  the  aleorose  grains  lie,  rapidly 
assmnes  a  dark  coloar.  In  the  alenroiio  grains  of  Ricinns  we 
can  BJmilarly  prove  the  eiiatence  of  proteid  crystalloids  by  ei- 
amining  delicate  eections  of  the  endoBpenn  in  Oamic  acid  (see 
Kg.  «). 

We  prepare  delicate  transverse  sections  from  the  cotyledon  of  a 
ripe  pea.     On  the  cnt 


sarface    we     place 
drop  of  glycerine,  an 
3  the  section  i 


glycerin* 
aboat  •: 
volume 


-am 


<.  (AtlerSlnisb 


\  dilnted  with 

]ne-thii^      ita 

distilled 

water.  The  micro- 
scopic structure  which 
e  observe  is  depicted 
in  Fig.  41.  We  see 
roondish  cells  with  tri- 
angnlar  intercellalar 
spaces  between  them. 
In  the  cells  we  find  a 
very  finely  granular 
matrix.  In  this  are 
embedded  the  fairly 
large  starch  grains  and  the  small  a1eni-one  grains.  On  the  addi- 
tion of  Iodine,  the  starch  graius  stain  blue;  bnt  the  ground  sub- 
stance, and  also  the  alenrone  grains,  which  consist  essentially  of 
proteid  material,  stain  yellow.  Delicate  sections  through  the 
cotyiedoQS  of  a  pea,  stained  with  methyl  green  Acetic  acid,  show 
that  in  each  cell  there  is  present  a  nncleus,  which  has  become 
greenish  blue  in  colour.  If  we  prepare  a  delicate  transverse  section 
of  a  ripe  wheat  grain,  moistening  the  cut  surface  with  glycerine, 
and  lay  it  in  glycerine  for  examination,  we  shall  find  that  immedi- 
ately below  the  fruit  coat  and  seed  coat,  which  we  shall  discnss 
more  particularly  in  another  place,  there  is  a  layer  of  rectangular 
cells.  No  starch  grains  are  present  in  the  cells,  but  they  contain 
many  small  alenrone  grains.  The  cells  of  the  more  deeply  lying 
tissue  contain  large  quantities  of  starch  (see  Fig.  -l-^). 


■  Sre  Kienitz.Qerlo Ct,  Boiati.  ZtiUmg,  1B91,  nhere  the  literature  i 
^e  also  Slralburger'g  PTactieal  liotany. 
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*  See  Detmer,  Lehrbuch  d,  Pjlanzenphysiologie,  1883,  p.  151. 

^  See  Loew  and  Bokorny,  Die  chemische   Urtache  des  LeberUt  and  Botan, 
Zeitung,  1882,  p.  824. 

*  See  Sckimper,  Botan.  Zeitung,  1880,  No.  52. 


IT.     DISORGANISATION   OF  THE  MOLECULAR  STRUC- 
TURE. 

47.  The  Influence  of  Low  Temperatures  on  Plants. 

Plants  behave  very  differently  under  the  influence  of  low  tem- 
peratures. Many  plants  (many  lichens,  mosses  and  bacteria,  but 
also  higher  plants,  e.^.  Bellis  perennis  and  Stellaria  media,  etc.) 
keep  alive  when  frozen  at  a  temperature  of  from  —6  to  —  8°  C, 
and  then  quickly  thawed.  I  placed  leaves  of  Primula  elatior  in 
winter  in  glasses,  which  were  closed  and  then  surrounded  by  a 
freezing  mixture  consisting  of  snow  and  common  salt.  The  leaves 
remained  for  six  hours  exposed  to  a  temperature  of  —5  to  —8^ 
C,  and  were  then  quickly  thawed  by  immersion  in  water  at  a 
temperature  of  6°  C.  At  the  close  of  the  experiment,  the  leaves 
were  still  living. 

If  we  expose  potatoes  in  the  open,  or  in  glass  vessels  surrounded 
by  a  freezing  mixture,  to  a  temperature  of  —  8^  C,  they  freeze 
through  and  through,  and  become  ringing  hard.  Leaves,  e.g. 
leaves  of  the  Crassulaceaa,  or  of  the  cabbage,  rape,  or  bean, 
when  exposed  to  a  temperature  of  —8°  C,  freeze,  and  become  as 
brittle  as  glass.  If  we  thaw  the  frozen  potatoes  or  leaves  by 
placing  them  in  water,  they  perish.  They  have  frozen  to  death, 
and  now  exhibit  the  characteristics  to  be  described  in  48. 

I  have  fully  satisfied  myself  by  repeated  experiments  that 
potatoes  whose  tissues  have  been  really  frozen,  always  prove,  after 
thawing,  to  be  dead,  whether  they  are  thawed  slowly  or  quickly. 
We  place  a  few  potatoes  in  water  in  a  large  vessel,  and  expose 
this  to  a  temperature  of  —8^  C,  so  that  the  potatoes  slowly 
freeze.  The  ice  and  the  potatoes  can  then  be  very  slowly  thawed 
by  placing  the  vessel  in  a  place  kept  at  a  temperature  of  -f  1° 
— h2°  C.  The  thawed  tubers  are  dead.  I  obtained  the  same 
result  with  leaves  of  Escheveria.  I  have  also  experimented  with 
plants  of  Zannichellia  palustris,  which,  when  lying  in  water, 
exposed  to  the  light,  gave  off  large  quanties  of  Oxygen.     After 
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being  frozen  with  the  water,  and  subseqaently  thawed  out,  thev 
were  found  to  be  dead,  and  no  longer  exhibited  assimilatory 
activity. 

I  have  found  it  very  instructive  to  expose  leaves  of  Begonia 
manicata,  either  in  the  open  or  indoors,  to  a  temperature  of  — 5° 
C.  or  —10°  C,  placing  them  under  a  bell-glass,  with  their  stalks 
dipping  into  water,  but  with  their  blades  exposed  to  the  air.  In 
freezing,  the  leaves  become  discoloured,  and  the  discoloration 
does  not  disappear  on  thawing.  Exposure  to  the  low  temperature 
causes  disorganisation  of  the  protoplasm,  so  that  the  acid  cell-sap 
is  able  to  act  on  the  chlorophyll  bodies,  and  destroys  their  pig- 
ment. If  we  examine  microscopically  surface  sections  of  leaves 
of  Begonia  manicata  which  have  been  killed  by  freezing,  it  is  in 
fact  seen  that  the  chlorophyll  bodies  are  not,  as  normally,  green, 
but  yellow  in  colour.  Experiments  with  these  leaves  are  instruc- 
tive, since  the  change  of  colour  appearing  on  the  reduction  cf 
temperature  indicates  directly  that  the  mere  freezing  brings  about 
the  death  of  their  cells.^ 

It  is  further  an  important  fact  determined  by  various  physiolo- 
gists, that  the  same  structures  which  suffer  if  frozen  when  rich  in 
water,  are  not  injured  by  exposure  to  cold  when  poor  in  water.^ 
We  may  readily  prove  that  this  is  the  case  by  investigating  air- 
dry  seeds  and  soaked  seeds  respectively  of  Phaseolus,  Pisura, 
Triticum,  etc.  For  example,  I  have  taken  on  the  one  hand  air- 
dry  wheat  grains,  and  on  the  other  wheat  grains  which  had  been 
lying  in  water  for  seven  hours,  and  exposed  both  for  fifteen  hours 
to  a  temperature  of  —  10°C.  in  small  glasses.  I  found  that  the 
former,  when  placed  on  moist  sand  under  normal  conditions  for 
germination,  are  still  capable  of  germinating,  while  the  latter  do 
not  germinate  p.nd  perish.' 

All  investigations  clearly  bring  out  this  fact,  that  different 
plant  structures,  and  the  same  structures  in  different  conditions, 
are  by  no  means  equally  sensitive  to  the  influence  of  low  tempera- 
tures. 


>  See  Detmer,  BotaiK  Zeitung,  1886,  No.  30. 

'  See  Detmer,  Vertjleiclunde  Physiologie  d.  Keimungsprocesses  d.  Samen^  1880, 
p.  392. 

*  Further  literature:  Sachs,  Versucfisstationen^  1860,  Berichte  d.  sachi, 
OegelUchaft  d.  Wise.,  1860,  Bd.  12,  p.  27,  and  Flora,  1862 ;  Goppert,  Wiimuent- 
tcickelung  in  dfr  PJIanze^  1830. 
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48.   The  Changes  Which  Take  Place  in  Plants  on  Freezing. 

When  plant  stractnres  are  frozen,  there  is  by  no  means,  as  ex- 
perience teaches,  any  rupture  of  the  cell-membrane.  If,  e.g.,  we 
allow  filaments  of  Spirogyra  to  freeze  in  a  drop  of  water  on  a  slide, 
no  breaks  are  to  be  perceived  in  the  cell-walls  after  thawing.  We 
know  further  indeed  that  in  the  freezing  of  tissues,  the  formation 
of  ice  takes  place  as  a  rule  only  in  the  intercellular  spaces,  etc., 
and  not  in  the  cells  themselves. 

Death  from  freezing  is  certainly  to  be  referred  to  a  breaking 
down  of  the  molecular  structure  of  the  protoplasm,  as  immediately 
follows  from  the  fact  that,  when  the  cells  have  been  killed  by 
freezing,  the  protoplasm  has  lost  its  normal  impermeability  to 
colouHng  matters,  acids,  etc. 

If  we  lay  frozen  pieces  of  beetroot  in  water  at  the  ordinary 
temperatux'e,  it  takes  up  the  red  colouring  matter  in  large  quan- 
tities, whereas  the  sap  does  not  escape  from  the  cells  of  unfrozen 
pieces  of  beetroot  when  laid  in  water  after  being  rinsed.  Frozen 
potato  tubers  after  being  thawed  give  up  large  quantities  of  sap 
under  slight  pressure.  The  cells,  owing  to  disorganisation  of  the 
protoplasm,  have  lost  their  turgor,  like  those  of  frozen  leaves, 
which  hang  down  limp,  and  rapidly  dry  up,  as  is  very  well  seen 
in  frozen  leaves  of  Begonia  or  Escheveria. 

If  starch  paste  is  frozen,  and  then  thawed,  we  no  longer  have 
before  us  a  homogeneous  fluid,  but  a  spongy  mass,  the  pores  of 
which  are  filled  with  fluid.  Here  obviously  a  rearrangement  of 
the  molecules  has  taken  place,  and  the  experiment  serves  to  illus- 
trate to  us  in  some  measure  some  of  the  processes  which  take 
place  in  the  protoplasm  of  plant  cells  in  freezing. 

49.    Formation  of  Ice  in  Freezing  Plants. 

A  slice  of  beetroot,  a  few  centimetres  thick,  well  washed  and 
then  wiped  dry,  is  placed  in  a  dish,  which  is  covered  with  a  glass 
plate  to  prevent  evaporation  of  water,  and  exposed  to  a  tempera- 
ture of  say  —  6°  C.  When  the  piece  of  root  is  completely  frozen,  we 
find  that  its  surface  is  covered  with  a  crust  of  ice,  which,  if 
properly  examined  under  the  microscope  at  a  temperature  below 
0°  C,  is  seen  to  consist  of  rods  of  ice  arranged  parallel  to  one 
another.  The  ice  is  particularly  abundant  on  the  under  side  of 
the  slice  of  root,  i.e.  where  it  has  been  in  contact  with  the  bottom 
of  the  dish.     This  ice  is  not  coloured  red,  from  which  it  is  clear 
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that  not  cell-sap  bat  almost  pure  water  has  frozen  oat  of  the  cells. 
Under  certain  conditions,  it  is  trae,  ice  can  form  within  the 
cells  of  freezing  plant  stractares,  but  usaally  the  water  passes 
over  into  the  intercellular  spaces,  or  other  cavities  in  the  tissue, 
and  freezes  there.  We  cut  off  the  upper  part  of  a  large  beetroot, 
and  fix:  it  in  place  again  with  thread,  after  scooping  out  not  too 
large  a  hole  in  the  lower  piece.  If  we  now  for  some  time  expose 
the  root  to  a  temperature  of  say —  8°  C,  we  shall  find  that  consider- 
able quantities  of  ice  accumulate  in  the  cavity.^ 

To  prove  that  in  freezing  plants  the  first  formation  of  ice  takes 
place  in  the  intercellular  spaces,  sections  of  frozen  potatoes  or 
carrots,  cut  with  a  very  cold  knife,  are  laid  on  a  well-cooled  object 
glass,  and  observed  under  the  microscope  while  slowly  thawing. 

We  see  that  the  ice  crystals  have 
formed  not  in,  but  between,  the 
cells,  and  that  the  cell  rows  which 
were  forced  asunder  by  the  ice, 
natn rally  no  longer  come  into  com- 
plete contact  when  the  ice  melts. 
Therefore  when  plant  structures 
freeze,  the  cells  give  off  water. 
This  next  appears  in  the  intercel- 
lular spaces  as  ice,  and  as  the 
masses  of  ice  grow,  the  intercellular 
spaces  also  increase  in  size. 

It  is  very  instructive  to  investi- 
gate the  changes  of  temperature 
taking  place  within  plant  structures 
during  the  pix)ces8  of  freezing,  as 
was  first  done  by  Miiller-Thurgau. 
I  have  employed  for  this  purpose 
the  arrangement  represented  in 
Fio-.  43.  Under  a  tubulated  bell- 
glass,  Gg,  lies  the  glass  ring,  Gr.  On  this  is  plnced  the 
object  to  be  examined,  say  a  potato,  K.  By  means  of  a  cork 
borer,  we  make  a  hole  in  the  potato  reaching  to  its  middle,  and, 
after  drying  the  hole  with  blotting  paper,  insert  in  it  the 
cylindrical  bulb  of  a  sensitive  mercury  thermometer,  T,  graduated 
to  tenths  of  a  degree.  It  is  very  desirable  for  the  bell-glass  to  be 
provided  with  two  tubulures,  the  second  serving  for  the  reception 
-f  -n  additional  thermometer  to  indicate  the  temperatui-e  of  the 


Fig.  43. — Apparatus  for  investigat- 
ing the  changes  of  temperature  in 
freezing  potatoes. 
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air  in  the  neighboarhood  of  the  tuber.  The  whole  apparatus  is 
placed  in  a  large  dish,  and  the  investigation  is  carried  out  in  a 
cold  room.  We  snrround  the  bell-glass  in  the  dish  with  a  freezing 
mixture  (snow  and  salt),  and  then  read  off  every  five  minutes  the 
position  of  the  mercury  in  the  thermometers.  The  temperature  of 
the  potato  gradually  sinks  to  —  3  °  or  —  4°  C.  Suddenly  however  it 
inses  again  to  —  1®  C,  remains  for  some  time  fairly  constant  at  this 
point,  and  then  again  sinks  till  the  temperature  of  the  air  sur- 
rounding it,  e.g.  —  &^  C,  is  reached.  When  potatoes  are  exposed  to 
a  temperature  below  0°  C,  they  first  of  all  become  supercooled, 
without  any  formation  of  ice  taking  place  in  the  tissue.  When 
the  maximum  of  supercooling  has  been  reached,  formation  of  ice 
suddenly  sets  in,  and,  through  the  consequent  liberation  of  heat, 
the  temperature  of  the  potato  rises  to  its  freezing  point,  which  is 
situated  at  about  —  1°  C.  The  temperature  of  the  tubers  then 
gradually  sinks  to  that  of  the  surrounding  medium.  Other  plant 
structures  behave  in  a  similar  manner.  Thus,  e.g.,  I  wrapped 
round  the  bulb  of  a  mercury  thermometer  a  strip  of  a  Begonia 
leaf  (B.  manicata),  fastened  it  with  thread,  and  then  cooled  it. 
The  maximum  of  supercooling  lay  at  —4*8°  C,  the  freezing  point 
at  —0.8°  C.  Not  until  this  temperature  was  reached  did  the  strip 
of  leaf  become  discoloured  (see  47). 

For  exhaustive  researches  on  the  changes  of  temperature  in 
freezing  plant  structures  we  may  employ  a  freezing  chamber  of 
the  following  construction  (Miiller-Thurgau).  It  consists  of  a 
cubical  wooden  box,  with  sides  1  m.  long,  and  with  double  bottom 
and  sides  packed  with  dry  sawdust.  Inside  this  box  fits  exactly 
a  double- walled  sheet  zinc  case,  also  open  above,  the  inner  wall  of 
which  can  be  lifted  out.  To  use  the  apparatus  the  outer  zinc  case 
is  first  filled  with  pieces  of  ice  to  the  level  of  the  pillars  supporting 
the  inner  case.  The  inner  ca.se  is  then  put  in  place,  and  the  space 
between  the  sides  of  the  two  cases  is  also  filled  with  ice.  If  it  is 
desired  to  obtain  in  the  case  a  temperature  below  0°  C,  e.g.  — 8^  C, 
we  place  on  the  top  of  the  ice  between  the  walls  of  the  zinc  case 
a  certain  quantity  of  salt,  which  causes  a  portion  of  the  ice  to 
melt,  and  so  lowers  the  temperature.  For  cover  we  use  two  quad- 
rangular trays  of  sheet  metal,  which  when  laid  side  by  side  cover 
the  zinc  case,  but  do  not  quite  reach  to  the  upper  edge  of  the 
wooden  box.  Between  the  trays,  which  are  also  to  be  filled  with 
ice  to  which  salt  is  added,  is  left  a  slit,  about  2  cm.  wide  but 
enlarging  above,  which  extends  across  the  whole  case,  and  through 
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which  emerge  the   stems  of   the   thermometers   to   be   nsed   for 
tracing  the  variation  in  temperature  of  the  objects,  and  of  the  air 
surrounding  them.     Finally  each  tray  is  provided  with  a  wooden 
cover,  which  just  comes  up  to  the  upper  edge  of  the  wooden  box. 
This  freezing  chamber  is  placed  in  a  situation  where  the  tem- 
perature is  as  constant  as  possible,  e.g.  in  a  room  with  a  north 
aspect.     With  a  little  attention  it  is  then  possible  in  winter  to 
keep  the  temperature  in  the  apparatus  very  constant  below  zero 
for  days.     In  conducting  the  investigations  the  objects  must  be 
placed  well  in  the  middle  of  the  case.     The  upper  ends  of  the 
thermometers  are  fixed  by  suitable  holders  standing  on  one  of  the 
halves  of  the  cover.     The  thermometers  are  graduated  to  tenths 
of  a  degree,  and  must  frequently  be  compared  with  a  standard 
instrument.     Naturally  they  must  be  so  constrncted  that  the  parts 
of  the  scale  indicating  temperatures  from  0°  C.  to  say  — 8°C.  may 
rise  outside  the  case.     The  readings  are  to  be  made  at  intervals 
of  a  minute,  and  clearly  tabulated. 

In  order  to  grasp  the  fact  that  plant  structures  exposed  to 
temperatures  below  OR  experience  supercooling,  and  that  their 
freezing  point  is  not  at  0°C.,  but  at  a  lower  temperature,  we  must 
recall  the  behaviour  in  freezing  of  salt  solutions  and  of  water  re- 
tained by  solid  bodies  by  adhesion.  The  cells  of  plants,  indeed, 
contain  not  pure  water,  but  an  aqueous  solution  of  various  sub- 
stances, and  the  organised  plant  structures  hold  water.  Pure 
water  freezes  ordinarily  at  about  0°  C,  but  a  solution  {e.g,  of 
common  salt)  always  freezes  at  a  lower  temperature,  and  the 
amount  of  supercooling  experienced  before  the  formation  of  ice 
begins,  varies  with  the  strength  of  the  solution.  Then  the  tempera- 
ture of  the  solutions  suddenly  rises,  till  the  freezing  point  proper, 
which  always  lies  below  0°C.,  is  reached.  We  can  easily  prove 
these  relations  by  suitable  experiments.  To  investigate  the  be- 
haviour, in  freezing,  of  water  retained  by  the  force  of  adhesion,  I 
have  employed  the  method  described  by  Miiller-Thurgau.  Round 
the  bulb  of  a  mercury  thermometer  was  wi'apped  blotting  paper 
which  had  been  soaked  with  water  and  then  externally  allowed  to 
dry.  When  placed  under  a  bell-glass  surrounded  by  a  freezing 
mixture,  the  temperature  of  the  blotting-paper  gradually  fell  to 
—  3°  C.  (the  maximum  of  supercooling),  and  then  suddenly  rose  to 
a  point  somewhat  below  0°  C. 

The  water  of  solutions  and  the  water  retained  by  solid  bodies 
by  the  force  of  adhesion — and  water  occurs  in  plants  under  both 
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tliese  conditions — freezes  therefore  not  at  0^  C,  like  pure  water, 
but  at  lower  temperatures.  The  state  of  equilibrium  between  the 
molecules  of  the  water,  and  the  molecules  of  the  salt  or  those  of 
the  solid  bodies,  is  not  disturbed,  so  that  the  formation  of  ice  can 
take  place,  till  the  temperature  has  fallen  below  0°  C.  Certainly 
on  formation  of  the  ice  a  considerable  quantity  of  heat  is  set 
free ;  but  still  the  temperature  of  the  salt  solution,  or  of  the 
solids  permeated  by  water,  does  not  rise  quite  to  0°C.,  since  a 
certain  quantity  of  heat  is  employed  in  separating  the  mole- 
coles  of  water  from  the  molecules  of  salt,  or  from  the  molecules 
of  the  solid  bodies,  as  the  case  may  be. 


*  On  this  sabject  and  what  follows  see  Miiller-Thurgaa,  Landwirthsekaftl. 
JahrbUeher,  Bd.  9,  p.  133. 

50.    Death  resulting  from  Exposure  to  too  High  a  Temperature. 

We  first  employ  young  plants  of  Zea,  Nicotiana,  Cucurbita, 
Phaseolus,  or  Tropseolum,  growing  in  small  flower  pots.  The 
plants  are  suitable  for  the  experiments  as  soon  as  a  few  leaves 
have  unfolded.  We  then  warm  the  air  under  the  bell  of  a  thermo- 
stat to  the  temperature  whoso  effect  is  to  be  studied,  and  when  the 
temperature  has  become  constant  at  this  level,  one  of  the  plants  ia 
introduced.  We  wait  until  the  desired  temperature  is  again 
reached  within  the  apparatus,  and  then  leave  the  plant  exposed 
to  it  for  a  certain  time.  It  is  often  desirable,  in  order  to  obtain 
more  rapid  adjustment  of  temperature,  to  water  the  soil  in  the 
pots  with  warm  water.  One  thermometer  is  placed  in  the  soil  in 
which  the  plant  is  rooted ;  another  is  suspended  within  the  boll- 
glass  so  as  to  touch  the  aerial  parts  of  the  plant.  We  can  now 
vary  the  experiments  in  many  ways.  We  may,  e.g.<,  leave  our  re- 
search plants  for  half  an  hour  in  the  apparatus  with  the  air  at 
a  temperature  of  40°  to  45°  C,  or  we  may  expose  them  for 
l*}-30  minutes  to  a  temperature  of  52°  C.  We  then  remove  the 
plants  from  the  thermostat,  expose  them  to  normal  conditions  of 
environment,  and  observe  their  further  behaviour.  Usually  they 
may  be  kept  for  half  an  hour  in  air  at  a  temperature  of  40°  C. 
without  injury,  but  exposure  for  a  period  of  from  10  minutes  to 
half  an  hour  to  a  temperature  of  52°  C.  as  a  rule  kills  them.  It 
must  be  observed,  however,  that  the  plants  do  not  by  any  means 
immediately  die  off  after  exposure  to  too  high  a  temperature,  e.g. 

pp.  K 
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52°  C.  for  10  niinnteg.  On  the  contrary,  death  may  not  tako  place 
for  days.  The  newly  matured  leaves  gradually  become  discoloured, 
while  the  older  leaves,  the  intemodes  and  also  the  bnds  do  not 
perish  till  later.  In  carrying  oDt  exact  comparative  investiga- 
tions as  to  the  inflaence'  of  high 
temperatures  on  plants,  it  is  neces- 
Kary  to  repeat  the  experiment  at 
any  particular  temperature  several 
times,  using  also  each  time  a  fresh 
and  perfectly  normal  plant.  In  this 
way  we  avoid  errors.  It  wonld  also 
be  instructive  to  leave  plants  in  the 
thermostat  for  a  longer  period  (several 
hours  or  even  days)  at  comparatively 
low  temperatures,  e.g.  36-40''C.,  and 
observe  their  sabsequent  behaviour. 

Plants   suffer  if   exposed    for    ten 
minatee,   or  somewhat  longer,   to    a 
temperature  of    52°  C.    in    air,  but 
exposure  for  ten  minutes  to  tempera- 
tures of  from  45-48°  C.  causes  their 
death,  if  their  environment  is  water 
instead  of  air.     To  demonstrate  this 
fact,  we  invert  a  pott«d  plant  (laying 
strips  of   wood  over  the  top  of  the 
pot  to  prevent  tlie  soil  from  falling 
out),  and  plunge  the  aerial  part  of 
the  plant  into  water  at  the  tempera- 
ture   in  question.     The    temperature 
is  kept  constant  daring  the    experi- 
ment, and  at  the  end  of  ten  minutes 
we  remove  the  plant  from  the  water, 
and  observe  its  further  behaviour. 
In  studying  the  influence  on  plants 
u  of  water    nt  high    tempei'atures,  we 
may    also    experiment    with    organs 
g.  leaves.     I  have  used,  e.g.,  leaves  of 
tis  vinifei-a,    which  are    very   suitable 
marked  change  in    colonr  when  their 
eaves  of  Begonia  for  fifteen  minotea  in 
water  at  a  temperatui-e  of  40°  C,  their  cells  do   not  die.     When 


severed  from  the  plant. 
Begonia  manicata  and  V 
because  tiiey  undergo  a 
cells  die.     If  we  immerse 
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immersed  in  water  at  75°  C,  the  leaves  almost  immediately  be- 
come discoloured,  and  are  then  dead.  Water  at  65°  C.  kills  the 
leaves  within  two  minntes. 

To  demonstrate  the  important  fact  that  plant  structures,  es- 
pecially seeds,  bear  exposure  to  high  temperature  far  better  when 
dry  than  when  saturated  with  water,  we  use  the  apparatus  de- 
picted in  Fig.  44.  The  beaker  B  is  filled  with  water.  Through 
the  large  cork  with  which  it  is  closed  pass  the  thermometer  T,  and 
the  two  test-tubes  P,  P'.  These  last  are  fitted  with  corks,  through 
which  also  pass  thermometers.  The  whole  arrangement  is  sup- 
ported on  a  ring  stand,  and  dips  into  the  water  of  a  water-bath. 
We  now  heat  with  a  gas  or  spirit  flame,  till  the  thermometers  in 
the  test-tubes  indicate  the  temperature  at  which  we  wish  to  ex- 
periment {e.g.  50°C.,  60°C.,  or  70°C.).  Air-dry  seeds  (50-100) 
are  now  placed  in  one  of  the  test-tubes,  soaked  seeds  in  the  other. 
We  use  seeds  of  Pisnm,  Zea,  or  Triticum,  and  leave  them  in  the 
apparatus  for  some  time  (say  an  hour),  keeping  the  temperature 
constant.  The  seeds  are  then  laid  in  sawdust,  and  exposed  to 
normal  conditions  for  germination.  The  air-dry  seeds  still  prove 
in  part  capable  of  germinating ;  the  soaked  seeds  all  perish,  and 
do  not  germinate. 

Air-dry  grains  of  Pisum,  Zea,  or  Triticum  may  be  exposed  for 
an  hour  to  temperatures  of  65°  C.  or  70°  C,  without  all  of  them 
losing  their  power  of  germinating,  but  on  the  other  hand,  their 
ability  to  germinate  is  certainly  more  or  less  diminished.  I  ex- 
posed air-dry  grains  of  wheat  for  an  hour  to  a  temperature  of 
62°  C,  and  a  fairly  large  percentage  of  them  were  found  to  be 
still  capable  of  germination,  but  soaked  seeds  similarly  exposed 
for  an  hour  to  a  temperature  of  62°  C.  all  perished.^ 


^  Literature :  Sachs,  Flora,  1864,  p.  5,  and  Handhueh  d.  Experimentalphy- 
siohgie  der  PftanzeUy  1855,  p.  64.  Further  see  Detmer,  Vergleichende  PhijHo- 
logie  d.  Keimungsprocestes  d.  Samen^  1880,  p.  401 ;  Hohnel  in  Fr.  Haberlandt's 
Vniersuchungen  auf  dem  Gebiete  des  Pfianzenhatus^  Bd.  2,  p.  77,  and  Detmer, 
Botan.  Zeitung,  1886,  No.  80. 


51.    Changes  experienced  by  Plants  in  Death  caused  by  Exposure 

to  too  High  Temperatures. 

We  take  a  young  bud  leaf  of  Elodea  canadensis,  and  after 
ascertaining  that  the  protoplasm  of  its  cells  is  in  active  movement, 
immerse  it  for  a  short  time  (say  one  minute)  in  water  at  a  tem- 
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perature  of  60°  C.  Owing  to  the  influence  of  the  high  tempera- 
ture,  the  movement  of  the  protoplasm  is  at  once  arrested,  and  is 
not  resamed  with  lapse  of  time.  The  leaf  becomes  disorganised, 
and  is  in  fact  dead. 

Very  many  kinds  of  leaves  (I  have  nsed,  e.g.,  cabbage  leaves)  do 
not  change  much  in  colour,  when  placed  for  a  time  in  water  at  a 
high  temperature  (e.g.  60°  C).  The  leaves,  however,  very  quickly 
die ;  the  cells  lose  their  tu^gidity,  and  the  leaves  become  flaccid. 
Nor  can  they  be  restored  to  their  normal  turgescent  condition.  If 
we  immerse  in  hot  water  leaves  whose  cells  are  rich  in  acid  (I 
found  leaves  of  Begonia  manicata  and  Yitis  vinifera  very  satis- 
factory), they  rapidly  become  discoloured,  since  the  chlorophyll 
grains,  owing  to  the  destruction  of  the  protoplasm,  are  now  brought 
into  direct  contact  with  the  acid  cell-sap,  and  the  acids  decompose 
the  chlorophyll.  If  we  lay  Begonia  leaves  in  water  at  a  tempera- 
ture of  55°  C,  they  become  discoloured  in  the  course  of  two 
minutes;  in  water  at  a  temperature  of  75°  C,  they  lose  their 
green  colour  almost  instantaneously.  Microscopic  examination  of 
tangential  sections  of  killed  leaves  of  Begonia  manicata  shows  that 
the  chlorophyll  granules  are  no  longer  green  but  brownish  in 
colour. 

That  the  protoplasm,  in  death  brought  on  by  exposure  to  too 
high  tempei*ature,  loses  its  normal  constitution,  and  consequently 
allows  the  acids  of  the  cell-.<?ap  to  traverse  it  easily  by  osmosis,  we 
can  easily  determine,  according  to  my  experience,  as  follows  : — A 
piece  of  the  petiole  of  a  living  Begonia  manicata  leaf  is  washed, 
and  laid  in  distilled  water.  A  second  piece  of  the  same  petiole  is 
killed  by  immersion  in  water  at  60°  C.  When  it  has  become  dis- 
coloared,  we  at  once  place  it  in  distilled  water.  Aiter  a  time  we 
remove  the  pieces  of  leaf,  and  add  to  the  water  in  each  case 
Calcium  chloride  solution.  That  in  which  we  laid  the  killed 
piece  of  leaf  becomes  turbid,  owing  to  separation  of  Calciam 
oxalate;  the  other  remains  clear.  The  disorganised  protoplasm 
has  become  permeable  to  the  Oxalic  acid  of  the  cell-sap,  and  has 
allowed  it  to  pass  out  into  the  surrounding  water. 

If  hairs  from  the  stamens  of  a*  Tradescantia  flower  are  killed 
by  immersion  in  water  at  55°  or  60°  C,  then  mounted  on  a 
slide  in  a  drop  of  water,  and  examined  under  the  microscope,  it  is 
seen  that  the  red  or  violet  pigment  of  the  cell-sap  passes  over  into 
the  space  between  the  protoplasm  and  the  cell-wall,  and  ultimately 
escapes  from  the  cells  into  the  surrounding  water.     The  uninjured 
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protoplasm  is  impermeable  to  the  pigment.  If  we  carefully  rinse 
pieces  of  fresh  beetroot  in  order  to  remove  the  sap  coming  from 
the  cut  cells,  and  then  lay  them  in  water,  they  yield  no  colouring 
matter,  even  after  remaining  in  the  fluid  for  an  hour  or  more. 
If,  however,  the  cells  are  first  killed  by  heat,  and  then  laid  in 
water  at  the  ordinary  temperature,  their  colouring  matter  rapidly 
escapes. 

Pieces  of  turnip  are  killed  by  immersion  in  water  at  60^  C,  and* 
then  laid  in  beetroot  juice,  together  with  pieces  consisting  of 
living  cells.  The  former  will  be  found  within  twenty-four  hours 
to  be  coloured  red  through  and  through,  while  the  pigment  has 
not  penetrated  the  latter. 


52.    The  EjOTect  of  Uechanical  Injury. 

Although  it  is  known  to  everybody  that  plant  structures  can 
survive  slight  pressiire  or  slight  tension  without  injury,  but  suffer 
destruction  of  their  molecular  constitution  if  submitted  to  consider- 
able mechanical  injury,  a  few  not  quite  unimportant  experiments 
may  nevertheless  be  made  which  clearly  bring  out  this  last  fact. 

Water  at  15-20°  C.  is  poured  over  some  potato  starch;  An* 
equal  quantity  of  starch  is  mixed  with  clean  quartz  sand,  and 
g'roand  down  as  thoroughly  as  possible  in  a  mortar.  Water  is 
then  poured  over  this  also.  After  a  few  hours  we  filter  off  the 
fluids.  Testing  with  Iodine,  we  find  that  the  water  has  ex- 
tracted granulose  from  the  starch  ground  down  with  sand,  but  we 
can  detect  no  granulose  in  the  other  case.  The  mechanical  injury 
has  destroyed  the  molecular  organisation  of  the  starch  grains, 
which  consequently  give  up  granulose  to  the  fluid,  while  the  un- 
injured grains  cannot  do  so. 

If  we  violently  squeeze  between  the  fingers  the  blade  of  a  leaf 
of  Begonia  manicata,  the  injured  parts  at  once  become  brownish 
in  colour.  Microscopic  examination  of  tangential  sections  of  the 
crushed  portion  teaches  that  the  chlorophyll  grains,  which  in  the 
normal  cells  are  beautifully  green,  have  become  discoloured.  The 
pressure  has  destroyed  the  protoplasmic  constituents  of  the  cells. 
They  have  become  permeable  to  the  acid  cell-sap,  and  this  has 
caused  the  decomposition  of  the  chlorophyll.^ 


^  See  Detmer,  Botaji,  Zeitung,  1886,  No.  30. 
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53.    The  EjOTect  of  Desiccation  on  Plant  Stmctures. 

If  cabbage  sprouts  are  cat  and  kept  without  water,  they  soon 
wither.  If  the  process  has  gone  far,  we  cannot  bring  the  shoots 
back  to  their  normal  condition  by  supplying  them  with  water; 
but  shoots  which  have  just  begun  to  wither,  will  often  revive 
again  if  plentifully  supplied  with  water. 

To  familiarise  ourselves  with  the  effect  of  desiccation  on  seeds 
and  seedlings,  we  employ  wheat  or  pea  seeds.  Part  of  the 
material  is  soaked  for  twenty-four  hours  in  water,  and  then  at 
once  placed  in  glass  dishes  and  left  exposed  to  the  air  to  dry.  The 
rest  is  similarly  exposed  to  the  drying  influence  of  the  air  when 
the  rootlets  have  just  emerged,  or  have  more  or  less  developed. 
When  the  seeds  and  seedlings  have  become  air  dry,  we  lay  them 
in  moist  sawdust,  and  observe  their  behaviour.  The  soaked 
seeds  have  suffered  little,  and  this  is  also  the  case  with  the  seed- 
lings whose  roots  have  only  developed  to  a  very  small  extent. 
The  influence  of  the  desiccation  on  somewhat  further  advanced 
seedlings  is  shown  in  the  death  of  the  young  parts;  but  on 
renewal  of  the  water  supply  these  are  replaced  by  the  formation 
of  adventitious  roots  and  the  development  of  previously  existing 
axillary  buds.  Still  more  advanced  seedlings  usually  perish 
completely.^ 

If  clumps  of  Barbula  muralis  are  dried  for  several  weeks  in 
the  air,  or  over  Sulphuric  acid  in  a  desiccator,  and  then  moistened 
and  placed  on  moist  earth,  they  go  on  growing  again  without 
losing  the  old  leaves.  Many  other  mosses  behave  in  a  similar 
manner,  but  others  prove  to  be  very  sensitive  to  desiccation.* 

I  conducted  a  series  of  observations  to  determine  how  seedlings, 
more  or  less  dried,  but  still  fairly  rich  in  water,  behave  as  regards 
energy  of  respiration,  as  compared  with  normal  ones.^  About  thirty 
pea  seedlings  were  examined  with  respect  to  their  respiration 
in  the  manner  indicated  in  the  Third  Section.  The  amount  of 
Carbon  dioxide  expired  by  the  seedlings  in  two  to  three  hours  at 
a  constant  temperature  is  determined.  Then  they  are  deprived 
of  water  for  some  days,  and  the  more  or  less  dried  material  is 
again  examined  at  the  same  temperature  as  before.  Its  respiratory 
energy  is  found  to  have  fallen  considerably.  My  observations 
show  that  air-dry  seeds  do  not  give  off  a  recognisable  quantity 
of  Carbon  dioxide. 
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^  See  Nowoczok  in  Haberlandt's  Wissejuch,-prakt.  Unters.  auf  dem  Gebiete 
d.  Pjianzenbaues,  Bd.  1,  p.  122. 

*  See  Schroder,  Untersuchungen  atu  dem  botan,  Irutitut  zu  Tiibingen^  Bd.  2, 
p.  18. 

'  See  Detmer,  Landwirthsehaftl,  Jahrbilcher^  Bd.  11,  p.  230. 


54.    The  Action  of  Electricity  on  Plants. 

Comparatively  little  is  as  yet  known  concerning  the  action  of 
electricity  on  plants,  especially  as  regards  the  finer  details.^  The 
chief  fact  of  physiological  interest  is  that  constant  currents,  as 
also  indaction  currents,  are  not  without  influence  on  the  move- 
ments of  the  protoplasm,  since  they  usually  retard  or  completely 
arrest  the  movements,  and  ultimately  cause  the  death  of  the  cells. 

To  study  the  phenomena  in  question,  we  employ  young  leaves 
of  £  I  odea,  or  hairs  from  the  younger  parts  of  a  vegetable  mar- 
row. We  mount  the  . 
objects  in  a  drop  of  ^.^^^'^P^"^ 
water,  on  a  slide  of  ^r  S  M  ^  Jl^^f'M 
the  form  indicated  ^te^BT^fflPft*^^  f^f'^^r-- 
in  Fig.    45.     On  the                 ^™°*-- ;-;;""'"  M^^;;- 


glass      slip       G      are         y\q,   45.— Object-glass  for  investigating  the  action  of 
cemented    by    means      olo<^^"o  carrents  on  plant  structures. 

of  asphalte  varnish  (a  solution  of  asphalte  in  oil  of  turpentine) 
two  brass  plates,  M,  If,  to  each  of  which  is  soldered  a  binding 
screw.  The  two  strips  of  tinfoil,  St,  St,  are  attached  to  the 
brass  plates,  and  to  the  plate  of  glass,  by  means  of  asphalte 
varnish.  A  space  is  left  between  them,  and  here  is  placed  the 
drop  of  water  in  which  the  object  to  be  examined  is  mounted. 
To  study  the  influence  of  induction  carrents  upon  the  plant  cells, 
we  connect  up  the  ends  of  the  wires  from  the  induction  apparatus 
by  means  of  the  binding  screws,  and  can  then  make  microscopical 
observations  while  the  currents  are  acting  upon  the  cells.  It  is 
important  in  physiological  experiments  to  be  able  to  regulate  the 
strength  of  the  current,  and  for  this  purpose  we  employ  an  in- 
duction apparatus  such  as  is  employed  for  medical  purposes.  The 
apparatus  is  usually  supplied  in  a  suitable  case,  together  with 
the  current-generating  element.  The  i^egulation  of  the  strength 
of  the  current  may  be  effected  by  means  of  du  Bois  Reymond*8 
sliding  apparatus  (see  Fig.  46),  in  using  which  we  connect  up 
the  ends  of  the  primary  coil  A  with  the  current  generator  and 
the  Rheotome,  while  the  secondary  coil  B  is  joined   up  with  the 
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binding  si 


B  of  the  slide.     The  Rheotome  (generally  a  magnetic 
hftramer)  with  whicb 


oil  i 


!BtigfLtio 


the  primary  ( 
nsaally  provided  is 
not  represented  in 
Fig.  46.  For  the 
generating  element 
we  may  employ  the 
Bichromate  cell  represented  in  Fig.  47. 

The  bottle  contains  a  solution  prepared  by  gradually  adding 
92  gr.  of  powdered  Potaaainm  bichrom-ite  to  1>35  c.c.  of  concen- 
trated Sulphnrio  acid,  and  diaHolving  the  mass  in  900  c.c.  of 
water.  The  zinc  plate  can  be  lotvered  between  the  carbon  plates, 
or,  when  not  in  use,  raised  oat  of  the  fluid  by  means  of  the  rod 
carrying  the  binding  screw. 

vith  the  leaves  of  Elodea  canadensis,  I  found 
that  weak  indaction  carrents  arrested  the 
movements  of  the-  protoplasm  of  the 
cells  ;  on  cessation  of  the  cnrrent,  the 
movement  gi-adnally  began  anew.  Strong 
induction  currents  permanently  arrested 
the  protoplasmic  movements  of  a  cell. 
bince  stronger  currents  kill  the  cells,  and 
the  death  of  the  protoplasm  is  readily 
mdicat«d  by  the  fact  that  it  becomes 
permeable  to  many  substances  {e.g.  pig- 
ments) which  it  does  not  allow  to 
traverse  it  when  living,  it  wonld  be 
mstrnctive  to  allow  electric  stimuli  to 
o  47  — II  chroiuBto  eel  ^gj.  ^^^  halfs  from  the  staminal  filamentB 
of  Tradescantia  The  death  of  the  cells  wonld  be  at  once 
demonstrated  by  the  escape  of  the  pigment  from  the  cell-sap 
and  from  the  cells  In  studying  the  effect  of  electric  currents 
on  plant  cells  we  notice  also  the  changes  of*form  that  the  pro- 
toplasm Buffei-8  under  the  influence  of  the  cnrrent.*  It  is  further 
instructive  to  make  the  following  esperiment  :*^We  lay  on  a 
sheet  of  glass  two  strips  each  a  few  centimetres  in  length,  from 
a  leaf  of  Begonia  manicata      Through  one  piece  of  leaf  we  now 


*  In  inveitigating  the  iufluenca  ot  electi 
a  anpolariaabla  eleutrode],  o: 
""-tiug  these,  see  69. 
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pass  a  not  too  lyeak  induction  current  for  about  fifteen  minutes, 
placing  one  electrode  (a  small  piece  of  metal)  on  each  end  of  it. 
The  second  strip  we  use  merely  for  the  purpose  of  comparison. 
At  the  end  of  the  time  both  pieces  of  leaf  are  placed  in  a 
closed  glass.  The  control  sti'ip  remains  green  and  fresh,  the  one 
experimented  upon  quickly  becomes  brown,  loses  its  turgidity, 
and  gets  flaccid,  since  the  induction  current  has  killed  the  pro- 
toplasm of  its  cells. 


^  For  the  literature,  see  scattered  references  in  PfefFer's  Handbueh  der  Pflan- 
zenphysiologie. 

>  See  Detmer,  Botan.  Zeitung,  1886,  No.  30. 

55.    The  Action  of  Poisons  on  Plants. 

In  making  experiments  to  prove  whether  a  particular  substance 
has  a  poisonous  effect  on  the  cells  of  plants,  we  may  work  with 
seeds.  It  must  always  be  remembered  that  a  substance  which 
injures  or  destroys  one  kind  of  plant  must  not,  therefore,  be 
considered  poisonous  to  all  plants.  To  test  the  substances  we 
prepare  solutions  of  definite  sti*ength,  0*1  p.c  ,  0*2  p.c,  0*5  p.c, 
1*0  p.c,  or  weaker  or  stix>ngor  ones  as  may  be  desired  (using,  e.g., 
corrosive  sublimate,  Copper  sulphate,  Salicylic  acid,  Carbolic  acid, 
Citric  acid,  atropin,  chloride  of  quinine,  common  salt,  etc.).  These 
solutions  we  pour  into  small  glasses,  and  then  introduce  a  fair 
number  of  pea  seeds  or  wheat  grains.  After  twenty-four  hours 
the  soaked  seeds  are  placed  in  water  in  shallow  dishes,  or  laid 
in  damp  sawdust.  We  now  note  how  many  seeds  germinate  in  a 
particular  time,  and  what  length  the  parts  of  the  seedlings  attain, 
as  compared  with  those  seedlings  which  have  developed  from  the 
first  under  perfectly  normal  conditions.  In  this  way  I  found,  e.g., 
that  even  01  p.c.  solutions  of  Salicylic  acid  had  an  extremely 
poisonous  effect  on  pea  seeds.^ 

We  further  cultivate  seedlings  of  Pisum  in  flat  dishes,  taking 
care  that  the  cotyledons  are  always  about  half  covered  with,  water. 
After  a  few  days  we  determine  the  length  of  the  roots  and  stems 
of  the  seedlings,  replace  the  water  by  solutions  of  various  sub- 
stances of  known  concentration,  and  leave  the  seedlings  in  these 
for  twenty-four  hours.  We  then  again  measure  the  length  of 
root  and  stem,  put  the  seedlings  back  into  pure  water,  and  deter- 
mine whether  or  not  they  grow.  I  find  that  many  poisons  per- 
manently arrest  the  growth  of  seedlings ;    others  also  certainly 
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arrest    the   growth,  bat   it  is    resaraed    when  the  seedlinga    are 
snbseqaently  placed  in  distilled  water. 

I  have  also  placed  soaked  seeds  of  Pisam  Bativom  in  water,  in 
flat  glass  dishee,  near  which  was  placed  another  dish  containing 
chloroform,  the  whole  being  then  covered  with  a  bell-gla.<w.  At 
a  moderate  temperatare  (18°  C.)  not  a  single  seed  germinated.* 
We  can  readilj  demonstrate  in  lecture  the  poisonons  effect  of 
chloroform  on  plant  cells,  by  pouring  some  chloroform  into  a  flat 
dish  and  placing  this  nnder  a  bell-glass  together  with  a  leaf  of 
Begonia  manicata,  the  leaf-stalk  of  which  dips  into  water  (see 
Fig.  48).  The  leaf  becomes  discoloured,  becaase  the  protoplasm 
of  the  chlorophyll  grains  is,  killed, 
and  hence  becomes  permeable  to 
^^         '**'~-^  *^®  a«ids  of  the  cell-sap,  which  can 

g^       /^i     >ML  new  decompose  the  chlorophyll.^ 

(       d/\  rJt       In  In    order    to    ascertain    whether 

particalar  substances  prejudice  or 
completely  arrest  the  development 
of  Penicillinm  or  of  bacteria,  we 
conduct  enltnres  in  the  manner  in- 
dicated in  35  and  38,  but  adding 
to  the  food  solutions  definite  quan- 
tities of  the  substances  (e.g.  cor- 
rosive snblimate,  Salicylic  acid,  etc.) 
whose  effect  on  the  fangi  is  to  be 
tested.  Conti'ol  experiments,  in 
Btraciares.  which  the  poisons  are  not  added  to 

the  solutions,  will,  of  course,  be  necessary. 

Thus,  (or  example,  one  lot  of  Pasteur's  food  solution  contain- 
ing cane-sugar  (for  composition  of  the  solution,  see  18),  after 
being  put  aside  for  eight  days,  had  become  very  turbid  owing  to 
copious  development  of  bacteria,  while  another  portion  of  similar 
composition,  except  that  some  Q-l  p.c.  Salicylic  acid  had  been 
added  to  it,  remained  clear. 

To  ascertain  the  influence  of  poisons  on  Spirogyra  or  other  algie, 
we  place  single  filaments  of  the  plants  in  the  solutions,  e.g.  roIu- 
tiona  of  Copper  sulphate,  Oxntic  acid,  etc.*  If  the  solutions  are 
not  too  strong,  so  that  the  poisonous  action  proceeds  slowly,  the 
first  effect  is  generally  a  shrinking  of  the  nucleus  and  swelling  of 
the  chlorophyll  bodies. 
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^  See  Detmer,  LandtcirthschL  Jahrbilcher,  Bd.  10,  p.  733. 

*  See  Detmer,  Wollny*B  Forschungen  auf  dem  Gehiete  der  AgricuUurphytik^ 
Bd.  5,  p.  253. 

^  See  Detmer,  Botan.  Zeitung,  1886,  No.  30. 

*  See  Loew,  Flora,  1892,  H.  3,  pp.  374  and  386. 


III.  MOLECULAR  PROCESSES  IN  PLANTS. 

56.    Imbibition. 

We  prepare  a  delicate  transverse  section  through  the  stem  of 
a  jonng  Laminaria.  On  examination  of  the  section  in  alcohol, 
but  little  is  to  be  seen  of  the  details  of  structure.  Thej  stand 
out  clearly,  however,  on  addition  of  water.  We  distinguish  an 
out«r  cortex,  the  cells  of  which  possess  brown  membranes,  and 
the  so-called  inner  cortex  which  forms  the  main  mass  of  the 
tissue,  and  of  which  the  cell- membranes  are  colourless.  In  the 
middle  of  the  section  we  observe  the  medullary  tissue,  consisting 
of  tubular  cells.  If  we  mount  sections  of  Laminaria  in  alcohol, 
and  then  introduce  water  from  the  edge  of  the  cover-glass,  we 
can  readily  determine  by  microscopic  examination  that  at  the 
moment  of  absorption  of  water  the  sections  increase  considerably 
in  volume.  We  can  also  prove  the  increase  in  volume  by  taking 
the  dimensions  of  a  piece  of  Laminaria  stalk  with  a  millimetre 
scale,  on  the  one  hand  when  dry,  and  on  the  other  after  saturation 
with  water.  The  substance  of  Laminaria  is  therefore  capable  of 
swelling  by  absorption  of  water,  and  the  process  by  which  this  is 
brought  about  is  termed  Imbibition.  The  increase  in  volume  of 
pieces  of  Laminaria  placed  in  contact  w^ith  water  does  not,  how- 
ever, proceed  indefinitely,  but  is  limited  in  extent,  and  this  is 
of  considerable  importance,  because  it  teaches  that  a  piece  of 
Laminaria — and  organised  plant  structures  in  general  behave  in 
the  same  way — when  placed  in  water  at  the  ordinary  temperature 
behaves  very  differently  from,  say,  gum. 

If  a  piece  of  a  Laminaria  blade,  whose  weight  in  the  dry  state 
is  known,  is  laid  in  water,  and  after  lapse  of  definite  intervals  of 
time  {e.g,  every  eight  minutes)  removed  from  it,  dried  with 
blotting-paper,  and  weighed,  it  will  be  found  that  the  absorption 
of  Water  by  the  object  during  such  periods  is  at  first  rapid,  gradu- 
ally diminishes,  and  finally  ceases.  If  we  suspend  the  soaked 
piece  of  Laminaria  in  the  air  by  means  of  platinum  wire,  and 
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determine  its  weight  from  time  to  time  (say  everj  half-hoar),  we 
shall  find  that  at  first  a  large  quantity  of  water  evaporates,  and 
then  gradually  less  and  less  in  each  period. 

A  few  skinned  peas  are  placed  in  water  at  about  5°  C.  Others, 
as  nearly  as  possible  of  the  same  weight,  are  laid  in  water  at 
about  20°  C.  At  the  end  of  four  hours  the  seeds  are  dried  and 
again  weighed.  •  It  appears  that  the  seeds  have  taken  up  more 
water  at  the  higher  than  at  the  lower  temperatnre ;  elevation 
of  temperature  accelerates  therefore  the  process  of  imbibition. 
Some  skinned  peas  are  placed  in  water,  and  an  eqnal  quantity  in 
10  or  20  p.c.  solution  of  common  salt.  It  is  easily  ascertained  by 
weighing,  at  the  end  of  a  few  hours,  that  imbibition  does  not 
proceed  so  rapidly  in  salt-solutions  as  in  pure  water. 

To  investigate  the  increase  of  volume  experienced  in  imbibition 
by  seeds,  or  cubes  of  wood  from  different  plants,  we  first  place  the 
material  in  the  dry  state  in  a  narrow  glass  cylinder,  the  volume 
of  which,  up  to  the  level  of  a  mark  made  near  the  top,  is  accu- 
rately known.  We  now  run  diluted  alcohol  into  the  cylinder 
from  a  burette  till  it  reaches  the  mark,  and  knowing  the  volume 
of  alcohol  required,  we  can  at  once  calculate  the  volume  of 
material  used.  In  determining  the  volume  of  the  soaked  seeds 
or  cubes  of  wood,  we  proceed  in  the  same  manner,  but  use  water 
instead  of  alcohol.  By  comparative  investigations  as  to  the  in- 
crease in  weight  and  volume  which  plant  structures  experience 
in  imbibition,  we  shall  often  be  able  to  prove,  especially  in  experi- 
ments with  woods,  that  the  actual  increase  in  volume  observed 
by  no  means  corresponds  with  the  volume  of  water  absorbed. 
This  fact  is,  moreover,  quite  intelligible  if  we  bear  in  mind  that 
only  the  water  imbibed  by  the  solid  wood  substance  causes  in- 
crease in  volume  ;  the  mere  filling  of  the  lumina  of  the  wood 
elements  with  water  cannot  bring  about  any  increase  in  the 
volume  of  the  material.  Experiments  in  which  we  determine  at 
the  same  time  the  increase  in  weight  and  volume  of  one  and  the 
same  piece  of  wood  during  absorption  are  especially  instructive, 
inasmuch  as  they  prove  beyond  doubt  that  imbibition  is  by  no 
means  comparable  with  capillarity.  When  fluids  enter  a  body 
by  capillary  attraction,  they  always  penetrate  into  previously 
existing  spaces,  and  therefore  capillarity  does  not  give  rise  to  any 
increase  in  volume  in  the  fluid-absorbing  bodies.  When  imbibition 
takes  place,  the  molecules  of  fluid  penetrate  between  the  micellse 
of  the  bodies ;  they  actually  make  space  for  themselves  between 
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the  micellae,  and  in  this  way  is  broaght  about  the  increase  in 
volume  of  the  bodies. 

Wood  when  placed  in  water  swells  much  more  considerably 
radially  and  circumferentially  than  in  the  direction  of  the  axis. 
We  can  easily  prove  that  this  is  the  case  if,  with  a  millimetre 
scale,  we  take  the  measurements  of  fairly  large  cylindrical  pieces 
of  wood,  respectively  when  dry  and  when  soaked  with  water. 
We  use  for  the  experiment  pieces  of  wood  about  100  mm.  long 
and  80  mm.  in  diameter. 

Very  energetic  imbibition,  which  finally  results  in  the  complete 
disorganisation  of  the  molecular  structure,  can  be  induced,  e.g., 
in  starch -grains  by  heat,  acids,  or  alkalies.  If  potato-starch  is 
cautiously  heated  on  a  slide  over  a  spirit  or  gas  flame,  care  being 
taken  to  replace  the  water  lost  by  evaporation,  a  very  consider- 
able increase  in  the  volume  of  the  grains  takes  place,  and  at 
about  70°  C.  they  become  swollen  up  into  glassy  masses,  whose 
outline  it  is  difficult  to  make  out. 

If  we  moant  some  potato-starch  in  a  drop  of  water  on  the  slide, 
and  very  slowly  run  in  potash  or  Sulphuric  acid  from  the  margin 
of  the  cover-glass,  we  notice  that  at  the  commencement  of  the 
action  the  layering  of  the  grains  becomes  more  distinct;  but  it 
afterwards  disappears,  the  starch-grains  undergo  considerable  in- 
ci-ease  in  volume,  and  finally  swell  up  into  glassy  masses. 

When  particles  of  water  penetrate  into  bodies  capable  of  im- 
bibition, they  must  necessarily  suffer  condensation  owing  to  the 
strong  attraction  which  will  be  exerted  by  the  micellae  upon  the 
fluid.  When,  however,  such  condensation  takes  place,  heat  is  set 
free,  and,  in  fact,  it  can  be  shown  that  the  pix)cess  of  imbibition 
is  accompanied  by  a  rise  of  temperature.  I  have  placed  100  gr. 
of  potato-starch,  or  100  gr.  of  pea-meal,  at  a  known  temperature, 
in  a  glass  cylinder,  and  poured  over  it  a  relatively  small  quantity 
of  water  of  precisely  the  same  temperature.  It  is  best  to  run  the 
water  from  a  burette.  -The  temperature  of  the  mixture  at  once 
rose  about  1*6°  C.  The  rise  of  temperature  was,  however,  as 
much  as  5°  C.  when  a  little  water  was  added  to  potato-starch 
which  had  been  dried  by  warming  and  then  allowed  to  cool. 

In  the  process  of  imbibition,  however,  work  also  is  done,  both 
internally  (in  the  separation  of  the  micellee  from  one  another) 
and  externally  (in  overcoming  external  resistance  to  the  increase 
in  volume).  To  demonstrate  in  lectures  that  external  work  is 
done  I  employ  ^the  apparatus  drawn  in  Fig.  49.^     Into  one  end 
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of  the  wooden  base  is  screwed  the  wooden  socket  supporting  a 
glass  cylinder,  gr,  10  cm.  high  and  35  mm.  in  diameter.  This 
cylinder  receives  the  seeds  and  water.  It  is  made  water-tight 
at  the  bottom  by  means  of  sealing-wax.  In  the  cylinder  moves 
loosely  a  metallic  piston,  *,  supported  by  a  vertical  piston  rod,  a, 
16  cm.  in  length.  The  piston  rests  immediately  on  the  seeds. 
The  cylinder  is  closed  by  the  metallic  cap  k,  through,  the  middle 
of  which  passes  the  piston  rod,  so  that  the  cap  can  be  freely 
twisted  round  it.     The  piston  rod  carries  at  the  top  a  brass  disc, 


Fio.  40.— Apparatus  for  measuring  the  external  work  performed  by  svrelliDg  seeda. 


«',  intended  to  support  a  weight.  Between  the  cap  k  and  the 
disc  $'  the  horizontal  lever  z  is  attached  to  the  piston  rod  by 
means  of  a  screw,  so  that  it  can  be  fixed  at  different  heights. 
Its  fulcrum  is  at  u.  The  short  arm  of  the  lever  is  2  cm.  long, 
the  long  arm  about  33  cm.  long.  The  pointer  reaches  to  the 
circular  arc  sk  (represented  on  the  right-hand  side  in  the  illus- 
tration), which  is  graduated  in  centimetres.  Any  upward  move- 
ment of  the  piston,  due  to  the  pressure  exerted  by  the  swelling 
seeds,  effects  a  downward  movement  of  the  pointer,  which  renders 
it  possible  to  ascertain  on  a  correspondingly  magnified  scale  the 
movement  of  the  piston  resulting  from  the  swelling  of  the  seeds. 
10  gr.  of  small  peas  placed  in  the  apparatus  were  able  to  over- 
come a  resistance  of  1,000  gr. 


^  Literature  :  Sachs,  Handbuch  d.  Experimtntalphysiologie  d,  P/lanzen,  1865, 
p.  431 ;  Detmer,  Vergl.  Physiologic  d.  Keimungsprocesfts  d,  Samen^  1880,  pp. 
78  and  290 ;  Reinke  in  Hanstein's  Botani$che  Abhandlungerit  Bd.  4,  H.  1 ; 
Schleicbert,  Naturwissenschl,  Wochemchrift,  Bd.  7. 
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57.    Diffasion  and  Endosmosis. 

If  sabstances  in  solution  appear  at  any  place  in  the  protoplasm 
or  cell-sap  of  a  cell,  they  can  spread  thence  over  the  whole  proto- 
plasm or  the  whole  cell-sap.     In  this  process  diffusion  plays  an 
important  part,  but  the  rate  at  which  diffusion  takes  place  is  by 
no  means  always  so  great  as  we  are  often  in  the  habit  of  thinking, 
and  it  is  certainly  instructive  to  convince  ourselves  of  this.     We 
place  a  tall  glass  cylinder  filled  with  water  on  a  table  free  from 
vibrations,  drop  into  the  water  a  crystal  of  Potassium  bichromate, 
and  cover  the  cylinder  with  a  glass  plate.     The  Potassium  bichro- 
mate dissolves,  but  even  after  several  days  the  upper  layers  of  the 
flnid  are  only  coloured  faintly  yellow,  while  the  lower  layers  of 
fluid  exhibit  the  characteristic  colour  of  saturated  solutions  of  the 
salt.     In  making  our  experiment,  we  have  by  no  means  excluded 
all  the  conditions  which  might  cause  currents  in  the  fluid;  and 
the  fact  accordingly  stands  out  so  much  the  more  clearly  that  the 
distribution  of  dissolved  substances  by  diffusion  does  not  pix)ceed 
with  special  rapidity. 

This  being  so,  any  causes  by  which  the  distribution  of  substances 
dissolved  in  the  protoplasm  and  in  the  cell-sap  is  accelei'ated, 
gain  in  importance,  and  among  such  conditions  must  in  many 
cases  be  regarded  protoplasmic  currents,  and  movements  of  plants 
structures  due  to  the  wind. 

Putting  aside  diffusion,  osmotic  processes  play  a  most  important 
part  in  the  distribution  of  substances  in  the  plant,  and  we  will 
therefore  direct  our  attention  to  them. 

A  glass  tube  about  8  cm.  long  and  3  cm.  wide  is  covered  at 
one  end  with  a  piece  of  pig's  bladder.  To  make  the  closure  per- 
fectly tight,  we  first  moisten  the  bladder,  and  then  tie  it  firmly 
over  the  end  of  the  tube  with  string,  or  better  still  with  elastic. 
The  tube  is  now  completely  filled  with  an  almost  concentrated 
solution  of  cane-sugar,  and  its  upper  end  is  closed  with  a  rubber 
stopper,  through  which  passes  a  long  glass  tube.  We  note  the 
position  of  the  cane-sugar  solution  in  this  tube,  and  then  dip  the 
lower  end  of  the  apparatus  into  distilled  water.  We  find  that 
the  fluid  at  once  begins  to  rise  in  the  tube.  The  water  passes  by 
osmosis  through  the  bladder  into  the  sugar  solution,  and  although 
a  certain  quantity  of  the  sugar  solution  also  travels  in  the  opposite 
direction  into  the  water,  still  the  quantity  of  fluid  flowing  into  the 
apparatus  is  greater  than  that  leaving  it,  and  the  volume  of  fluid 
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in  the  apparatus  must  consequently  increase.  If  the  lower  end 
of  our  apparatus  is  allowed  to  dip  for  a  certain  time  (one  to  two 
hours)  alternately  into  water  at  the  usual  room  temperature,  and 
into  warm  water  (say  at  30°  C.)»  we  can  readily  prove,  by  observ- 
ing the  rise  of  the  fluid  in  each  case,  that  the  osmotic  processes 
go  on  more  actively  at  the  higher  than  at  the  lower  temperature. 
If  the  apparatus  dips  not  into  pure  water,  but  into  a  20  per  cent, 
solution  of  common  salt,  osmosis  proceeds  more  slowly,  as  may 

easily  be  determined.^ 
J  In    order  to    under- 

stand properly  many 
physiological  phe- 
nomena, especially 
those  caused  by  turgor, 
it  is  of  great  import- 
ance that  we  should 
convince  ourselves  that 
considerable  pressures 
can  be  set  up  through 
osmotic  processes.  For 
this  purpose  we  may 
use  the  apparatus  re- 
presented in  Fig.  50. 
The  glass  tube  O, 
10  cm.  long  and  2  cm. 
in  diameter,  is  closed 
at  the  bottom  with 
pig*s  bladder,  and  dips 
into  water.  Through 
the  rubber  stopper 
closing  the  upper  end 
of  the  glass  tube 
passes  the  T-shaped 
tube    T,    the     vertical 

Pio.  £0.— Apparatus  for  investigating  pressure  effects      \{jj^\y    of  which   is  COU- 
due  to  osmotic  processes.  . 

nected  at  a  with  a 
small  bent  glass  tube  drawn  out  to  a  point  at  h.  The  horizontal 
limb  of  the  T-tube  is  connected  with  the  manometer  M  by  means 
of  thick  rubber  tubing,  bound  round  with  wire.  The  manometer 
contains  mercury ;  the  rest  of  the  apparatus  is  completely  filled 
with  a  nearly  concentrated  solution  of  cane-sugar,  and  the  small 
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tube  is  finally  fused  up  at  6.  The  cane-sugar  attracts  considerable 
quantities  of  water  by  osmosis.  A  pressure  is  thus  developed  in 
the  apparatus  which  causes  the  mercury  to  rise  in  the  manometer. 
I  found,  e,g.,  in  one  experiment  that  at  the  end  of  three  days  the 
mercury  was  47  cm.  higher  in  one  limb  of  the  manometer  than  in 
the  other.  The  pressure  in  the  apparatus  amounted  therefore  to 
considerably  more  than  half  an  atmosphere.^ 


*  See  Detmer,  BeitrSge  zur  Theorie  dea  Wurzeldrucks,  in  Preyer'g  Savmlung 
physxologUeher  Abhandlungen,  Bd.  1,  Heft  8,  p.  29,  Jena,  1877« 

'  For  farther  information,  see  Pfeffer,  Oamotiiehe  UnUnuchungeriy  1877« 


58.    The  Diosmotic  Properties  of  the  Cell-wall  and  of  the 

ProtoplasnL 

An  excellent  object  in  which  to  study  the  diosmotic  properties 
of  the  cell- wall  and  of  the  hyaloplasm  is  afforded  us  in  the 
staminal  hairs  of  Tradescantia.  We  remove  a  tuft  of  the  hairs 
from  the  filament  with  the  forceps,  and  find,  on  submitting  them 
to  microscopical  examination,  that  each  hair  consists  of  a  single 
row  o£  cells.  The  cell-wall,  the  protoplasm,  the  nucleus,  and 
lastly  the  beautiful  violet- coloured  cell-sap  are  readily  observable 
in  each  cell  (see  Fig.  38). 

From  the  margin  of  the  cover-glass  we  now  run  in  glycerine, 
or  more  or  less  concentrated  solutions  of  sugar  or  common  salt. 
These  fluids  extract  water  from  the  cell-sap,  and  the  protoplasm 
consequently  conti^cts,  so  that  spaces  are  formed  between  it  and 
the  cell-wall.  We  have  caused  the  cells  to  pass  from  a  turgescent 
into  a  plasmolytic  condition.  Our  experiment  further  pi'oves, 
however,  the  important  fact  that  the  hyaloplasm  of  the  living 
protoplasm  must  be  impermeable  to  the  pigment  dissolved  in  the 
cell-sap  of  the  cells,  for  the  colouring  matter  does  not  pass  through 
the  protoplasm  with  the  water  when  plasmolysis  takes  place. 

The  effect  is  quite  different  if  we  allow  absolute  alcohol  to  act 
on  the  staminal  hairs  of  Tradescantia,  and  thereby  kill  the  cells. 
The  violet  cell-sap  now  passes  over  into  the  protoplasm,  since  the 
hyaloplasm  has  become  permeable  to  the  colouring  matter.  The 
protoplasm,  and  especially  the  cell-nucleus,  become  deeply  stained, 
and  the  coloured  fluid  may  even  pass  out  of  the  cells  into  the  sur- 
rounding medium.  It  is  also  very  instructive  to  plasmolyse  cells 
whose  cell-sap  is  uncoloured,  e,g,  the  epidermal  cells  of  the  leaves 

P.P.  U 
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of  Trsdescantia,  with  plasmoljsin?  sol ot ions  to  which  pigments 
hare  been  added« 

I  condacted  inveati^tions  of  this  kind  in  the  following  manner: 
Stripfi  of  epidermis  from  leaves  of  Tradescantia  were  plasmoljsed 
as  abore  described  bj  means  of  a  solution  of  common  salt,  and 
then  laid  in  jnice  obtained  by  crashing  fairlj  dark-coloured 
cherries.  The  colouring  matter  can  traverse  the  cell-wall ;  it 
pf^et rates  into  the  space  intervening  between  this  and  the  pi*oto- 
pla5nn,  bat  the  protoplasm  itself  does  not  take  it  up.  If  epidermal 
cells  of  Tradescantia  are  first  plasmolysed,  then  killed,  bj  dipping 
the  strips  of  epidermis  in  hot  water,  and  finally  laid  in  cherrj 
jnice,  the  protoplasm  and  the  nucleus  stain  fairlj  deeply,  the  dead 
protoplasm  being  readily  permeable  to  many  substances  which  in 
the  living  condition  it  is  unable  to  take  up. 

To  prove  that  normally  protoplasm  is  impermeable,  but  after 
death  is  permeable  to  sngar,  we  carefully  rinse  a  few  pieces  of 
beetroot,  and  then  transfer  them  to  distilled  water  at  the  ordinary 
room  temperature,  some  of  them  at  once,  the  rest  after  they  have 
been  killed  with  hot  water.  After  a  few  hours  we  take  from  the 
fluids  small  test  quantities,  add  to  them  a  few  drops  of  dilute 
Hydrochloric  acid,  and  boil  for  a  short  time;  the  presence  of 
sagar  can  easily  be  detected  by  means  of  Fehling*s  solution  in  the 
fluid  which  has  been  in  contact  with  the  killed  pieces  of  beetroot, 
whereas  the  others  contain  no  sugar. 

To  prove  that  the  normal  hyaloplasm  is  also  frequently  imper- 
meable to  mineral  substances,  we  prepare  2-i  per  cent,  solutions 
of  Sodium  chloride  or  Potassium  nitrate.  In  these  we  place  hairs 
from  the  stamens  of  Tradescantia,  or  strips  of  epidermis  from  the 
underside  of  the  midrib  of  the  leaf  of  Tradescantia  discolor.  The 
cells  of  T.  discolor,  a  plant  which  can  be  obtained  at  any  time  of 
the  year,  and  which  must  be  grown  under  cover,  have  a  coloured 
cell-sap.  The  solutions  make  their  way  through  the  cell- walls  into 
the  cells.  Pla.smolysis  follows  in  the  course  of  one  to  two  hours, 
and  it  still  persists  if  the  objects  are  left  in  the  salt  solution 
for  several  hours  longer.  It  is  this  which  is  of  special  importance 
to  us,  since  if  the  protoplasm  were,  under  the  conditions  described, 
permeable  to  Sodium  chloride  or  Potassium  nitrate,  it  would 
gradually,  with  increasing  osmotic  capacity  of  the  cell-sap,  swell 
out  again  in  each  cell.* 

The  diosmotic  properties  of  the  living  hyaloplasm  on  the  one 
hand  and   of  the  cell-wall  on  the  other  are,  as  we  know,  very 
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different.  The  former  is  usually  not  permeable  to  colouring 
matters,  sugar,  etc.,  while  the  cell-wall  behaves,  as  regards  these 
substances,  precisely  like  vegetable  parchment.  It  is  therefore  of 
interest  to  make  some  experiments  which  will  afford  us  informa* 
tion  concerning  the  osmotic  permeability  of  parch  ment« 

We  may  use  for  the  dialyser  a  wide  glass  tube,  closed  at  the 
bottom  with  parchment  paper.  -The  apparatus  I  have  used  in  my 
experiments  is  constructed  somewhat  differently,  for  the  sake  of 
g-reater  convenience  in  manipulation.  A  thick  glass  tube,  80 
mm.  long  and  40  mm.  in  diameter,  is  fitted  at  the  lower  end  with 
a  brass  ring,  this  being  provided  on  the  outside  with  a  screw. 
To  the  under  surface  of  this  ring  is  closely  applied  a  piece  of 
vegetable  parchment,  and  on  this  is  placed  a  second,  but  rather 
thin,  bra.ss  ring  (brass  washer),  over  which  we  screw  a  brass  cap 
with  a  circular  aperture  40  mm.  in  diameter.  The  exposed  brass 
parts  of  the  dialyser  are  painted  with  a  suitable  varnish.  We 
place  the  apparatus  on  small  blocks  of  glass  in  a  crystal- 
lising glass,  into  which  we  then  pour  distilled  water,  while  into 
the  dialyser  is  poared  a  solution  of  the  substance  whose  osmotic 
behaviour  is  to  be  investigated.  In  experiments  with  exti-acts  of 
beetroot,  solutions  of  sugar,  or  salt  solutions  {e.g,  solutions  of 
Sodium  chloride,  Potassium  nitrate,  etc.),  it  is  easy  to  determine 
that  the  colouring  matter,  the  sugar,  and  also  the  minei^al  sub- 
stances, can  traverse  the  membrane  and  pass  into  the  water  sur- 
rounding the  dialyser. 

It  is  now  further  of  special  interest,  having  in  view  the  fact  that 
many  substances  which  can  traverse  the  cell-wall  cannot  make 
their  way  into  the  protoplasm,  to  prepare  artificially  membranes 
through  which  substances  capable  of  traversing  parchment  paper 
by  osmosis  cannot  pass.  We  prepare  1  per  cent,  solutions  of 
Calcium  nitrate  and  Bisodium  phosphate.  The  latter  is  placed  in 
our  parchment  paper  dialyser,  while  the  former  is  used  as  the 
outside  fluid.  A  precipitation  membrane  of  Calcium  phosphate  is 
formed  in  the  vegetable  parchment,  and  if,  after  a  few  hours,  we 
add  a  drop  or  two  of  aqueous  solution  of  methyl  blue  to  the 
Bisodium  phosphate  in  the  dialyser,  we  shall  find  that  the  colour- 
ing matter  does  not  pass  over  into  the  outside  fluid.  In  my 
experiments,  for  example,  this  was  still  quite  uncoloured  after 
twenty-four  hours.  If  we  remove  the  coloured  fluid  from  the 
dialyser,  fit  the  apparatus  with  a  new  piece  of  parchment  paper, 
replace  the  outer  fluid  by  water,  and  pour  back  into  the  dialyser 
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the  raethji-blne-containing  solution  of  Bisodinm  phosphate,  we 
«hall  find  that  the  colouring  matter  now  soon  passes  through  the 
parchment  into  the  water.  In  mj  experiments  the  water  was 
clearly  tinged  at  the  end  of  two  hours.  Precipitation  membranes 
of  Calcium  phosphate  are  permeable  to  Sodium  chloride,  as  we 
may  of  course  readily  ascertain.  These  experiments,  it  is  to  be 
specially  emphasised,  are  only  intended  to  prove  that  particular 
substances  which  can  traverse  one  membrane  are  often  unable  to 
pass  by  osmosis  through  another.  Such  experiments  are  obviously 
of  particular  interest  in  examining  the  behaviour  of  certain  sub- 
stances towards  the  cell-wall  on  the  one  hand,  and  the  proto- 
plasm on  the  other.  But  whether  a  substance  which  cannot 
traverse  an  artificial  membrane  is  at  the  same  time  unable  to 
penetrate  into  the  protoplasm,  can  only  be  determined  by  special 
observations  in  each  case  ;  and  as  regards  methyl  blue,  it  is  to  be 
observed  that  as  a  matter  of  fact  it  can  pass  through  the  proto- 
plasm into  the  interior  of  the  cells. 

If  plants  of  Elodea  canadensis  &re  left  for  twenty-four  hours  in 
a  00008  per  cent,  aqueous  solution  of  methyl  blue  (we  use  a  litre 
of  the  fluid),  microscopical  examination  of  the  leaves  shows  that 
their  cell-sap  is  coloured  deeply  blue.  The  cells  are  not  dead,  for 
they  exhibit  protoplasmic  movement,  and  we  see  therefore  that  the 
colouring  matter  must  have  traversed  the  cell -wall  and  also  the 
protoplasm.* 

To  judge  from  the  results  of  our  investigations,  many  substances 
(colouring  matters,  sugars,  vegetable  acids,  mineral  substances) 
are  frequently  not  able  as  such  to  pass  by  osmosis  through  the 
ectoplasm  of  the  protoplasm.  But  it  does  not  follow  that  the 
hyaloplasm  is  under  all  conditions  impermeable  to  these  sub- 
stances. Recent  investigations  of  difFerent  observers  —  which, 
however,  are  still  by  no  means  completed — lead  rather  to  another 
view.  It  appears  that  certain  substances  which  cannot  usually 
traverse  the  protoplasm,  can  make  their  way  through  it  when 
active  accumulation  is  taking  place  in  the  cells.  Probably  also  the 
hyaloplasm  varies  in  its  osmotic  properties  in  consequence  of  the 
vital  processes  themselves,  and  in  accordance  with  the  require- 
ments of  the  cells,  but  continued  energetic  investigation  will  be 
required  to  throw  light  on  these  matters. 


*  Literature :  Sachs,  FxperimentalphyHologie  d.  Pfamen,  1865,  p.  447,  where 
partioalarly  the  important  work  of  Nagcli  is  disoassed.  Also  de  Vries,  Archicet 
NierlandaiieBf  1871,  T.  6,  and   Pringsheim*s  Jahrhucher^  Bd.   16,  p.  588; 
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Detmer,  Journal  /.  Landwirthschaft,   27.  Jahrgang,   p.  380,  as  also  Botan. 
Zeitung,  1886,  No.  30. 

*  See  Pfeffer,  Untersuchungen  arts  d.  botan,  Imtitut  in  TUbingen^  Bd.  2,  pp. 
223  and  802 ;  and  Abhandlungen  der  mathem,-phy9.  CL  der  K.  Sachs*  Gesell- 
Mchaft  d.  Wiss.,  Bd.  16. 


59.    Turgor  and  Flasmolysis.- 

The  substances  dissolved  in  the  cell-sap  (mineral  substances, 
organic  acids,  sugars,  etc.)  osmoticallj  attract  water  into  the  in- 
terior of  the  cells.  As  the  volume  of  the  cell-sap  thus  more  and 
more  increases,  it  exerts  a  pressui'e  on  the  protoplasm  and  cell- 
wall,  which,  while  extensible,  are  at  the  same  time  elastic.  The 
amount  of  extension  in  a  cell  is  dependent  on  the  one  hand  on  the 
magnitude  of  the  osmotic  pressure  set  up  inside  it,  and  on  the 
other  on  the  resistance  offered  by  the  stretched  cell  layers  (proto- 
plasm and  cell- wall). ^ 

We  can  bj  suitable  apparatus  directly  represent  the  essential 
features  of  turgor.  I  use  for  the  purpose  glass  tubes  80.  mm. 
long  and  40  mm.  wide.  We  first  close  one  end  of  such  a  tube 
with  a  piece  of  pig's  bladder,  completely  fiU  the  tube  with  an 
almost  concentrated  solution  of  cane-sugar,  and  then  tie  a  piece 
of  bladder  over  the  other  end  of  the  tube  aLso.  This  so-called 
artificial  cell  we  now  immerse  in  distilled  water.  The  sugar  solu- 
tion osmotically  attracts  water,  so  that  the  cell-contents,  the 
volume  of  which  more  and  more  increases,  exert  a  constantly  in- 
creasing pressure  on  the  end  membranes.  These  bulge  outwards^, 
but  at  the  same  time  themselves  exert  pressure  on  the  cell  con-- 
tents,  owing  to  their  elasticity,  and  thus  a  considerable  tension^ 
(turgor- tension)  is  set  up  in  the  apparatus  between  the  sugar 
solution  and  the  pieces  of  bladder.  When  the  artificial  cell  is 
highly  turgescent,  it  is  removed  from  the  water.  We  pierce  the 
membrane  at  one  end  of  it  with  a  fine  needle,  and  observe  that  a 
stream  of  fluid  at  once  spurts  out  from  the  puncture,  while  at  the 
same  time  the  membranes  slacken,.  A  considerable  pressure  must 
therefore  be  present  in  the  cell  when  it  is  in  a  state  of  turges- 
cence. 

The  following  experiment,  which  can  easily  be  made  in  lecture; 
is  also  very  instructive  : — A  small  glass  is  filled  with  a  dilute 
solution  of  Potassium  ferrocyanide,  and  a  small  piece  of  Copper 
chloride  is  dropped  into  it.    The  Copper  chloride  at  once  surrounds 
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itself  with  a  precipitation  membrane  of  Capric  ferrocyanide,  which 
becomes  stretched  since  the  Copper  chloride  attracts  water  from 
the  ontside.  In  this  way  is  formed  a  tnrgescent  artificial  cell 
(Traube's  cell),  which,  however,  rapidly  increases  in  size,  and  may 
g^dually  attain  a  length  of  several  centimetres.  The  brown 
ferrocyanide  membrane  viz.  being  stretched,  molecules  of  dis- 
solved Copper  chloride  pass  into  it  from  the  inside,  and  molecales 
of  Potassium  ferrocyanide  from  the  outside.  These  enter  into 
chemical  reaction  with  one  another  in  the  membrane,  to  form  the 
new  molecules  of  Copper  ferrocyanide  which  really  effect  the 
growth  of  the  membrane  initiated  by  its  extension.* 

If  we  mount  on  a  slide  in  a  drop  of  water  hairs  from  stamens  of 
Tradescantia,  or  a  piece  of  leaf  epidermis  from  the  plant,  or  a  fila- 
ment of  Spirogyra,  and  run  in  glycerine  or  a  solution  of  sugar  from 
the  edge  of  the  cover- glass,  the  appearances  mentioned  in  58  are 
exhibited.  The  cells  pass  from  the  turgescent  to  the  plasmolytic 
condition.  Their  protoplasm  detaches  itself  from  the  cell- wall, 
and  draws  itself  together,  while  the  cell-sap  gives  up  its  water  to 
the  water-attracting  fluids  (glycerine,  sugar  solution)  outside. 
The  cells  do  not  by  any  means  at  once  die  as  the  result  of  plas- 
molysis,  as  is  strikingly  shown  by  the  fact  that  the  protoplasm  of 
the  plasmolysed  cells  of  the  staminal  hairs  of  Tradescantia  still 
remains  for  a  long  time  impermeable  to  the  violet  pigment  dis- 
solved in  their  cell-sap. 

We  must,  however,  go  on  to  show  by  experiment  that  structures 
made  up  of  many  tissues  can  easily  be  reduced  from  a  state  of  tur- 
gescence  to  one  of  plasmolysis.  We  employ  young  flower-stalks 
of  Butomus  umbellatus  and  species  of  Plantago,  leaf-stalks  of  Tro- 
pu^olum,  etiolated  epicotyls  of  Phaseolus,  or  main  roots  of  this  plant 
(seedlings  germinated  in  sawdust).  Pieces  are  taken  50-100  mm. 
in  length,  and  on  these^  at  a  distance  of  40-90  mm.,  are  made  fine 
ink  marks.  Pieces  of  root  must  first  be  carefully  wiped  dry  with 
fine  linen.  We  use  best  Indian  ink,  rubbed  down  in  water.  To 
make  the  marks  we  use  a  sable  hair  brush,  which  must  always  be 
kept  perfectly  clean.  After  making  the  marks,  we  leave  the 
objects  for  a  few  minutes  in  moist  air,  to  make  sure  that  the  ink 
adheres,  and  then  with  a  millimetre  scale  measure  the  intervals 
between  the  marks.  The  objects  are  then  put  into  a  10  per  cent, 
aqueous  solution  of  common  salt  or  Potassium  nitrate.  In  these 
solutions  they  lose  their  turgidity,  pass  into  a  condition  of  plas- 
molysis, become  limp,  and  after  a  longer  or  shorter  time  (four  to 
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twenty-four  hours)  we  can  readily  determine  that  the  distance 
between  the  marks  is  much  less  than  at  the  beginning  of  the 
experiment.  Salt  solutions,  like  glycerine  or  solutions  of  sugar, 
remove  water  from  the  cells.  The  resulting  loss  of  turgidity  in 
the  cells,  results  in  contraction  of  the  tissues.^ 

When  plant  structures  lose  water  by  withering,  they  shorten  in 
pix)portion  to  the  loss  of  turgidity  in  their  cells.  Pea  seedlings 
(developed  in  sawdust)  whose  roots  have  attained  a  length  of 
about  50  mm.,  are  laid  for  half  an  hour  in  water,  in  order  first  of 
all  to  make  the  cells  of  the  root  thoroughly  turgesoent.  We  now 
carefully  dry  the  roots  with  a  linen  cloth,  and  place  on  them  two 
ink-marks,  one  just  behind  the  tip  of  the  root,  the  other  at  a  dis* 
tance  of  about  25  mm.  from  the  first.  If  we  allow  the  roots  to 
wither  for  ten  minutes  in  the  air,  it  will  be  easy  to  prove  that  they 
have  shortened  to  a  not  inconsiderable  eictent.  If  we  now  lay  the 
seedlings  in  water,  their  roots  lengthen  again,  and  the  distance 
between  the  marks  becomes  the  same  as  at  the  commencement  of 
the  experiment.* 


^  For  a  more  detailed  disoassion  of  Turgor  see  mjLehrbuoh  d.  Pjlinfenphyilo' 
logie,  1883,  p.  213. 

*  See  Traube  in  du  Bois-Beymoud  and 'Beiohert*B  Archiv,  /.  Anat,  und 
Phytiol.,  1867,  p.  87. 

^  See  H.  de  Vries,  Unter$uchungen  iiber  die  mechanische  Uraaehe  der  ZelU 
Btreckung,  Halle,  1877. 

*  See  Sachs,  Arbeiten  des  botan.  InstUuts  in  Wiinburg^  Bd.  1,  p.  396. 

60.    Isotonic  Coefficients. 

The  osmotic  energy  of  a  cell  is  dependent  on  the  quality  and 
quantity  of  the  water-attracting  substances  present  in  the  cell- 
sap.  In  order  to  make  ourselves  acquainted  with  the  components 
of  the  cell-sap,  we  first  of  all  select  succulent  plant  structures 
(e.g.  leaf -stalks  of  Heraoleum  Spondylium,  young  stems  of 
Rheum,  leaves  of  Crassulaceaa,  etc.),  and,  best  after  they  have 
been  killed  by  heating  in  closed  vessels  on  the  water-bath,  squeeze 
them  in  a  hand-press.  The  juice  obtained  is  heated  in  closed 
vessels  on  the  water-bath  at  a  temperature  of  100®  C,  so  as  to 
coagulate  all  the  proteid  matter,  and  then  filtered.*  Having 
evaporated  10  c.c.  of  the  clear  juice,  and  carefully  incinerated  the 
residue,  we  can  easily  detect   the    presence  of   chlorides   in   an 

*  The  heating  of  the  plant  structures  and  juice  is  to  be  carried  out  in 
pressure  bottles  (to  be  obtained  from  Desaga,  Heidelberg). 
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aqneons  solution  of  the  ash,  by  adding  to  it  Silver  nitrate  solution. 
The  presence  of  glucose  is  to  be  determined  by  means  of  Fehling's 
solntion.  Cane-sugar  may  be  detected  by  the  method  given  in 
the  Third  Section.  As  a  test  for  Oxalic  acid  we  employ  Calcium 
chloride,  and  if  (first  filtering  if  a  precipitate  has  been  produced) 
we  add  to  the  Calcium  chloride-containing  fluid  excess  of  alcohol, 
Malic  salts  separate  out  if  present. 

The  acid  reaction  of  most  plant  juices  indicates  that  the  bases 
present  are  not  sufficient  to  neutralise  the  whole  of  the  organic 
acids.  For  quantitative  researches  on  the  composition  of  plant 
juices,  the  student  is  referred  to  the  directions  on  p.  670  of  the 
valuable  treatise  of  H.  de  Vries,  cited  below. 

Often  plant  juices  (e.g.  that  from  the  leaf-stalk  of  Heracleum 
Spondylium)  are  very  rich  in  glucose,  and  in  such  cases  this  sub- 
stance is  of  the  utmost  importance  in  determining  the  osmotic 
energy  of  the  cell-sap,  and  therefore  also  in  determining  the 
osmotic  pressure  of  the  cells.  In  other  cases,  e.g.  leaves  of  Sola- 
num  tuberosum,  the  quantity  of  glucose  is  far  less  than  that  of 
other  bodies. 

It  is  now  very  important  to  observe  that  the  osmotic  energy  of 
equal  quantities  of  the  different  substances  present  in  the  cell-sap 
of  plants  is  by  no  means  the  same.  On  the  contrary,  one  substance 
is  able  to  attract  water  with  great  intensity,  while  another  can  do 
so  only  in  a  more  limited  degree.  H.  de  Vries  has  determined 
numbers  which  express  the  relative  attraction  for  water  of  one 
molecule  of  a  body  in  dilute  solution*  These  numbers  he  terms 
the  isotonic  coefficients  of  the  different  substances.  As  a  starting- 
point  for  the  whole  of  his  researches,  H.  de  Vries  selected  the  force 
of  attraction  for  water  of  Potassium  nitrate.  The  isotonic  coeffi- 
cient of  one  molecule  of  this  compound  has  been  taken  as  three, 
so  as  to  render  it  possible  to  work  with  whole  numbers. 

Putting  aside  theoretical  considerations,  we  proceed  at  once  to  ex- 
periments, which  will  serve  to  indicate  the  nature  of  the  reasoning 
and  the  method  of  H.  de  Vries.  We  prepare  four  solutions  of  Potas- 
sium nitrate  in  water.  The  first  has  01,  the  second  012,  the  third 
013,  the  fourth  0*15  molecules  of  the  salt,  expressed  in  grams,  per 
litre  (molecular  weight  of  Potassium  nitrate,  KNOs,  =  101).  We 
further  prepare  four  aqueous  solutions  of  cane-sugar,  of  which 
the  first  contains  015,  the  second  02,  the  third  0*22,  and  the 
fourth  025  gram  molecules  of  cane-sugar  per  litre  (molecular 
weight   of  cane-sugar,   Cj8H2aOii,  =  342).     Wo  pour   15   c.c.  of 
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each  of  these  eight  solutions  into  small  glass  vessels,  and  in  each 
solution  place  a  small  strip,  about  1  or  2  mm.  long,  of  the  epi- 
dermis of  the  under  side  of  the  midrib  of  the  leaf  of  Tradescantia 
discolor.  These  epidermal  cells,  which  I  have  found  to  serve 
excellently  well  for  the  experiment,  contain  in  the  cell -sap  a  red 
pigment.  The  plant  is  at  oar  disposal  at  any  time  of  the  year, 
which  is  a  matter  of  considerable  importance ;  it  is  to  be  grown 
in  the  hothouse.  We  cover  the  vessels,  and  leave  the  strips  of 
epidermis  in  the  fluids  for  two  hours  at  the  usual  room  tempera- 
ture, and  then  examine  them  under  the  microscope.  What  has 
to  be  determined  is,  whether  the  fluids  have  induced  more  or 
less  considerable  plasmolysis  in  the  epidermal  cells,  or  whether 
plasmolysis  has  not  yet  set  in.  The  commencement  of  plas- 
molysis, with  which  we  are  specially  concerned,  is  easily  recognised 
when  we  use  the  coloured  epidermis  of  Tradescantia  discolor.  It 
is  characterised  by  a  just  visible  retraction  of  the  protoplasm  from 
the  membranes  of  the  cells;  in  what  follows  we  use  the  term 
"  incipient  plasmolysis "  with  reference  to  a  particular  object 
under  examination,  when  the  protoplasm  has  somewhat  contracted 
in  about  half  the  cells  of  that  object. 

We  shall  find  that  the  solution  of  0"1  Potassium  nitrate,  and 
of  0'15  cane-sugar,  do  not  induce  plasmolysis,  but  those  of  015 
KNO3  and  of  0*25  cane-sugar  bring  about  very  considerable  plas- 
molysis. Incipient  plasmolysis  is  observed  with  strengths  of  solu- 
tion between  the  two,  e.g.  in  solution  of  0*13  Potassium  nitrate, 
and  of  022  cane-sugar.  Two  such  solutions  would  therefore 
attract  water  with  equal  energy;  both  bring  about  incipient 
plasmolysis;  their  isotonic  concentration  is  the  same.  The  values 
022,  013,  stand  to  one  another  in  the  ratio  of  1  to  0*591,  and  if 
we  take  the  isotonic  coefficient  of  a  molecule  of  Potassium  nitrate 
as  3,  that  of  a  molecule  of  cane-sugar  will  be  1*77.  We  see, 
therefore,  that  a  molecule  of  Potassium  nitrate  exerts  a  greater 
attraction  for  water  than  does  a  molecule  of  cane-sugar. 

H.  de  Vries  has,  by  this  method,  determined  the  isotonic  co- 
efficients of  a  long  series  of  different  substances  which  occur  in 
the  cell-sap.  I  shall  not,  however,  here  proceed  further  with  his 
important  results,  but  emphatically  commend  his  work  to  accurate 
study.^ 

^  See  H.  de  Vries,  in  Pringsheim^s  JahrbUcher  /.  toissemchl,  Botanik, 
Bd.  U. 
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61.    The  Magnitude  of  the  Osmotic  Pressure. 

To  determine  the  magnitade  of  the  active  osmotic  pressure  in 
plant  structures  we  may  experiment  with  shoots,  employing  pieces 
1  or  2  mm.  in  average  diameter  and  100  mm.  long;  e.g.  flower 
scapes  of  Plantago,  or  stems  of  Lonicera  tatarica  (which  I  used), 
etc.,  etc.  On  these  we  paint  ink- marks,  at  distances  of  80  mm. 
from  each  other,  and  then  thoroughly  plasmolyse  them  by  twenty- 
four  hours'  exposure  to  the  action  of  10  per  cent,  solution  of 
common  salt.  The  shortening  which  is  brought  about  can  easily 
be  determined  by  means  of  a  millimetre  scale.  The  shoots  are 
now  stretched  by  meaus  of  the  apparatus  drawn  in  Fig.  51.  They 
rest  horizontally  on  a  board,  B,  or,  better  still,  on  a  small  sheet 
of  cork.  Their  thin  end  is  covered  with  a  small  block  of  cork, 
iST,  which    we   can   firmly  fix   in  position  by  means  of  a  screw, 

and  round  their  thicker  end  is  tied  a 
piece  of  string.  The  string  runs  OYer  a 
pulley,  22,  and  supports  a  scale- pan,  G, 
for  weights.  We  load  the  scale-pan  until 
the  distance  between  the  marks  on  the 
shoots  has  become  the  same  as  before 
plasmolysis,  viz.  80  mm.  That  which 
in  the  experiment  is  effected  by  the 
weights,  is  effected  in  nature  by  the 
osmotic  pressure.  We  can  thus  ex- 
perimentally determine  the  magnitude  of 
the  pressure  within  the  uninjured  plant 
Fio.  61.— ApparatuB  for  de-   Structure      with    at    least     approximate 

S:T™. '""""' "''''■  ao^oracy.     If   the    mean    diameter  of    a 

cylindrical  piece  of  stem  is  1  mm., 
the  corresponding  area  of  its  transverse  section  is  0"785  sq.  mm., 
the  area  of  a  circle  being  given  by  the  formula  Trr*  (7r  =  .3141). 
If  50  grams  are  required  to  stretch  to  its  original  length  a  plas- 
molysed  shoot  1  mm.  in  diameter,  the  osmotic  pressure  within 
the  fresh  shoot  is  equal  to  about  6|  atmospheres,  and,  in  fact,  it 
frequently  attains  as  high  a  value  as  this.  In  one  particular 
instance,  in  a  stem  of  Lonicera  tatarica,  I  found  it  to  be  1*4 
atmospheres.^ 


^  See  H.  de  Vries,  Die  mechanischen  Ursachen  der  Zelhtrechuntj,  Halle,  1877, 
p.  118. 
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62.    The  Temperature  of  Plants. 

The  temperatare  of  a  plant  stractare  is  dependent  on  verj 
many  factors.  Among  .these  are  its  organisation,  its  position  in 
the  plant,  the  quantity  of  water  it  contains,  its  specific  heat,  its 
rate  of  transpiration,  and  its  capacity  for  absorption,  conduction, 
and  radiation  of  heat.  It  is  therefore  clear  that,  in  many  cases, 
it  is  difficalt  to  account  exactly  for  the  particular  temperature  of 
a  plant  structure  as  experimentally  determined.  Moreover,  many 
conditions  here  coming  nnder  consideration  have  not  yet  been 
investigated  at  all  or  not  sufficiently. 

Strongly  transpiring  parts  of  a  plant  are  often  somewhat  colder 
than   the   air  in    their    neighbourhood,   chiefly   because   a   large 
amount  of  heat  becomes  latent  in  the  formation  of  water  vapour. 
On  the  other  hand,  plants  which  transpii'e  feebly,  and  are  fleshy 
and  succulent  in  character,  often  assume  a  comparatively  very 
high  temperature   under  the  influence   of   direct  sunlight.     The 
leaves    of    a    Crassulaceous    plant    (Sempervivum,    Escheveria) 
which  has  been  exposed   to  strong  sunlight  feel  quite  warm  to 
the  touch ;  their  temperature  is  far  higher  than  that  of  the  more 
delicate,  thinner   leaves   of   plants  growing   in    their  immediate 
neighbourhood.     It  is  very  instructive  to  determine  the  tempera- 
ture of   succulent   plants   accurately  by  means  of  thermometric 
measurements.^     I  made  observations  of  this  kind  on  a  Cactus 
(Eehinopsis  multiplex).     A  hole  is  bored  right  to  the  middle  of 
the  Cactus  by  means  of  a  cork  borer.     The  hole  is  cleaned  with 
blotting-paper,  and  then  a  thermometer  with  a  cylindrical  bulb 
is    introduced   into   it.     After  taking  care  to  close   the  opening 
tightly,  e.g.  by  means  of  blotting-paper,  the  plant  is  placed  in 
the  open,  in   a   situation   where   it  will  receive  during  the  day 
dii*ect  sunlight.     We  now  observe  the  temperature  of  the  plant 
at  intervals  during  the  day,  and  also  during  the  night,  and  com- 
pare the  readings  obtained  with  those  given  by  a  thermometer 
hufig  in  the  shade.     Trustworthy  determinations  of  the  tempera- 
ture of  the  air  are,  however,  by  no  means  easy  to  make.     It  is 
best  to  place  the  thermometer  in  a  large  zinc  box,  hanging  in 
front  of  a  window  of  a  room  with  a  north  aspect,  at  a  suitable 
distance  from  the  ground.     The  box   must  be  so  ari-anged  as  to 
permit  circulation  of  air  in  it ;  and  further,  it  must  not  be  placed 
too  near  the  building.     We  shall  be  astonished  at  the  temperature 
which  the  Cactus  reaches  on  a  warm  day  in  the  sunlight.     A 
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particalar  plant  had,  afc  half- past  ten  in  the  morning,  a  tempera- 
ture of  23°  C.  By  half.past  two  it  had  risen  to  405°  C.  The 
temperature  of  the  air  at  this  time,  in  the  shade,  was  24*5°  C. 
The  same  plant,  during  the  afternoon  of  another  day,  reached  a 
temperature  of  45*5°  C.  To  obtain  information  as  to  the  tem- 
perature within  the  trunks  of  trees,  we  bore  to  the  centre  and 
introduce  thermometers  into  the  holes.  By  slipping  short  pieces 
of  rubber  tubing  over  the  thermometers,  the  holes  can  be  closed 
perfectly  air-tight.  The  temperature  inside  trees  is,  of  course, 
not  the  same  at  points  close  to  the  ground  as  at  higher  levels, 
and  it  is  also  obviously  not  a  matter  of  indifference  whether  or 
not  the  plant  is  exposed  during  the  day  to  direct  sunlight.  If 
we  work  with  moderately  thick  trunks,  e.g.  40  cm.  in  diameter, 
into  which,  therefore,  the  thermometers  will  peneti*ate  20  cm., 
we  shall  find  in  general  that  the  temperature  is  lower  than  that 
of  the  atmosphere  during  the  day,  but  higher  at  night,  and  that 
the  daily  maximum  of  temperatui'e  in  the  tree  is  attained  con- 
siderably later  than  that  of  the  air. 

By  a  simple  experiment — which,  moreover,  is  easily  performed 
in  lecture — we  can  demonstrate  the  fact  that  dry  wood  conducts 
heat  more  rapidly  in  a  direction  parallel  to  the  axis  of  the  trunk 
than  in  one  at  right  angles  to  it.  A  smoothly  planed  piece  of 
lime,  birch,  or  oak,  is  smeared  over  with  a  thin  layer  of  wax,  by 

means  of  a  brush  dipped  into  melted 
wax.  We  now  warm  a  w^ire,  and  press 
its  heated  end  perpendicularly  against 
the  wood.  A  zone  of  fusion  appears, 
<S,  Fig.  52,  which  has  the  form  of  an 
ellipse  whose  major  axis  runs  parallel 
with  the  wood  fibres.  We  can  measure 
the  length  of  the  major  and  minor  axes 
of  the  ellipse,  and  so  calculate  the  ratio 
between  the  rates  of  conduction  of  heat 
in  the  wood  longitudinally  and  trans- 
versely. If  instead  of  the  block  of 
wood  we  use  for  the  experiment  a  sheet 
of  glass  smeared  with  a  thin  layer  of 
wax,  the  zone  fusion  which  we  obtain 
is  not  elliptical  but  circular,  because  the  conductivity  of  the  glass 
is  equal  in  different  directions. 

Since  the  thermal  state  of  the  soil  exerts  a  considerable  in- 


Fio.  52  —Block  o(  wood  smeared 
with  wax.    S,  zone  of  melting. 
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flaence  on  vegetation,  it  is  certainly  not  withoat  interest  to  make 
the  following  experiment: — We  procore  two  cubical  zinc  boxes, 
6  to  8  cm.  in  diameter.  In  one  we  put  air-dry  soil ;  the  other 
we  fill  with  an  equal  quantity  of  3oil  which  has  been  more  or 
less  completely  saturated  with  water.  We  now  expose  the  two 
boxes  to  direct  sunlight  for  a  few  hours,  preferably  in  a  wooden 
box  and  surrounded  with  a  bad  conductor  of  heat  (e.g.  cotton 
wool),  so  that  the  sun-rays  will  act  on  the  soil  almost  exclusively 
from  above.  If  we  introduce  a  thermometer  to  a  depth  of  1  cm. 
into  the  soil  in  both  boxes,  we  shall  readily  make  out  that  the 
dry  soil  becomes  far  warmer  than  the  moist,  and  I  found  in 
observations — conducted,  however,  in  rather  a  different  manner — 
that  a  dry  peat  soil  exposed  to  direct  sunlight  for  an  hour  and 
a  half  had  acquired  a  temperature  of  34*3^  C.  at  the  surface, 
while  the  temperature  of  the  wet  soil  was  only  29*5°  C.  The 
lower  temperature  of  the  soil  soaked  with  water,  as  compared 
with  that  of  the  dry  soil,  is  due  to  the  higher  specific  heat  of 
water,  and  to  the  fact  that  heat  is  rendered  latent  by  the  evapora- 
tion of  water.  Very  watery  soils  we  may  well  term  cold — a  mode 
of  expression  which  indeed  agrees  with  the  facts.  We  cannot 
here  investigate  further  the  thermal  properties  of  the  soil.* 

'  See  Askenasy,  Botan.  Zeitung,  1875. 

'  For  farther  Information  see  Detmer,  Lehrbuch  d,  Bodenkunde,  1876,  p.  256. 

63.    Differences  of  Electric  Potential  in  Plants. 

To  detect  differences  of  electric  potential  in  plant  structures 
we  require  various  delicate  instruments,  and  especially  an  electro- 
meter (frequently  Lippmann's  capillary  electrometer  is  used),  or 
a  galvanometer.  I  have  satisfied  myself  that  the  latter  instru- 
ment is  suitable  for  the  purpose.  •  For  a  list  of  firms  supplying 
mirror  galvanometers  of  excellent  quality,  see  the  Appendix. 
The  apparatus  must  of  course  be  set  up  vibration -free.  We 
further  require  an  electric  key  and  two  unpolarisable  electrodes. 
The  stands  for  these  electrodes  are  so  arranged  that  we  can  easily 
put  the  electrodes  in  any  position  (see  Fig.  53).  Each  electrode 
consists  of  a  glass  tube  a  few^  cm.  in  length,  into  the  lower  end 
of  which  prepared  clay  is  kneaded.  From  the  clay  project  the 
ends  (about  ^  cm.  long)  of  well-washed  white  cotton  threads. 
These  threads,  which  must  be  washed  by  means  of  a  vigorous 
stream  of  water  before  the  electrodes  arc  used,  and  in  place  of 
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which  we  may  very  suitably  use  small  hair  pencils,  are  laid  on 
the  objects  under  examination.  The  glass  tube  of  the  electrodes 
is  filled  with  a  solution  of  Zinc  sulphate  ;  in  this  dips  a  zinc  rod.* 
To  prevent  the  pencils  from  drying,  we  dip  them,  when  not  in 
use,  into  water.  Renewal  of  the  clay  is  then  only  occasionally 
necessary.  The  customary  kneading  of  the  clay  with  ^  per  cent, 
alt  solution  does  not  appear  to  be  necessary  for  our  experiments  ; 
according  to  my  experience  spring  water  is  sufficient  for  the 
purpose. 


Fig.  €3.— Unpolarisable  electrodes. 

We  connect  up  the  electrodes  with  the  galvanometer,  one 
of  them  directly,  the  other  through  a  key,  by  means  of  which 
the  circuit  can  be  closed  or  opened  as  required,  while  we  look 
through  the  telescope  used  for  observing  the  deflection  of  the 
galvanometer.  We  now  bring  the  threads  or  hair  pencils  of  the 
electrodes  into  contact  with  each  other.  If  no  deflection  of  the 
needle  of  the  galvanometer  takes  place  when  we  close  the  circuit 
by  means  of  the  key,  the  apparatus  is  ready  for  use. 

We  now  proceed  to  experiments  with  plants.  We  lay  the  elec- 
trodes on  two  points  of  the  surface  of  a  shoot,  axis  not  fai*  removed 
from  one  another.  In  many  cases,  e.^.  in  the  case  of  Aristolochia, 
no  current  can  be  detected  when  the  circuit  is  closed.  It  may  be 
just  incidentally  remarked  here  that  a  considerable  deflection  is 

*  The  zinc  rods  are,  if  oecessary,  to  be  cleaned  by  washing  with  acid,  and 
reamalgamated  by  dipping  in  mercury. 
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naturally  observed  when  one  of  the  electrotles  is  laid  on  the 
periphery  of  the  stem,  while  the  other  is  placed  on  an  artiBcially 
made  cross-section. 

We  further  experiment  with  shoots  of  Tropeeolum,  Vitis, 
Quercns,  etc.,  etc.,  which  dip  with  their  lower  ends  in  water,  or 
with  intact  seedlins^s  of  Pi  sura  and  Vicia.  In  these  latter  we  lay 
one  electrode  on  the  stem  and  the  other  on  one  of  the  cotyledons. 
In  seedlings  considerable  differences  of  potential  are  observable. 
In  experiments  with  leaves  (we  expenment  with  young  leaves, 
readily  wetted,  which  are  left  on  the  plants)  one  electrode  is 
placed  on  the  midrib  of  the  leaf  near  its  base,  the  other  on  the 
mesophyll  near  the  middle  of  the  leaf.  It  is  found  that  in  almost 
all  cases  the  leaf-nerves  are  positive  towards  the  mesophyll,  i.e. 
positive  electricity  streams  in  the  outside  part  of  the  circuit  from 
nerve  to  green  ti.ssue. 

According  to  Kankel,  movements  of  water  in  the  tissnes  are  to 
be  regarded  as  the  chief  cause  of  differences  of  potential  in  resting 
uninjured  plant  structures.  To  prove  that  movements  of  water 
can  indeed  set  up  differences  of  potential,  we  make  the  following 
experiment  :~A  fresh  clay  cylinder,  such  as  is  used  for  a  battery 
cell,  is  about  half  filled  with  water.  We  place  our  electrodes 
on  the  outside  of  the  cell,  one  near  the  base,  the  other  at  a  point 
above  the  level  of  the  water.  A  current  then  flows  through  the 
galvanometer  from  the  upper 
to  the  lower  electrode.  r^   ^^ 

While  differences  of  poten-                             1         1/ 
tial  in  plant  structures  may                            JL,      JL 
be    due    to     movements     of                           IK     Jll 
water,  etc.,  they  are   chiefly          |^            ^    \^  S^         "Ml 
due,    as   Haake    proved,      to  ^^.J T _f2l3 

quite        different       processes,         no.  64.— a pparatns  for mTestigatinsr  electric 
viz.  metabolism   and   respira-      potential  in  plant  Btructures.     Represented  in 

^  section.    (After  Haake.) 

tion,    which    are    intiraatelv 

associated  with  the  vitality  of  the  protoplasm. 

To  prove  this  interesting  fact  we  require  the  apparatus  indi- 
cated in  section  in  Fig.  54,  which  was  employed  by  Haake.  It 
consists  of  a  glass  tube,  20  cm.  long  and  3^  cm.  internal  diameter, 
on  one  side  of  which  are  fused  two  glass  tubes,  2  cm.  in  diameter 
and  1  cm.  high,  and  2|  cm.  apart.  Over  these  are  slipped  pieces 
of  thin  rubber  tubing,  5  cm.  long,  which,  as  is  clear  from  the 
figure,  fit  air-tight  round  the  electrodes  which  pa.S8  through  them. 
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The  projecting  ends  of  the  electrodes  are  fixed  to  the   stands. 
The   two   ends   of  the  main  glass  tube  are  fitted   with    rnbber 
stoppers,  through  which  pass  glass  tubes.    If  now  we  place  in  the 
moist  chamber  a  pea  seedling  10-15  cm.  long,  and  lead  through 
the   apparatus   a   slow  current  of   air,   saturated   with    aqueous 
vapour  bj  passage  through  a  small  U-tube  filled  with  wet  glass 
wool,  we  get,  according  to  Haake,  a  very  large  deflection  of  the 
galvanometer  when  one  electrode  is  placed  on  the  neck  of  the 
root,  the  other  on  the  stem  of  the  seedling.     The  deflection  be- 
comes however  slight  if  now,  for  about  a  quarter  of  an  hour,  we 
pass  a  slow  stream  of   Hydrogen  through  the  apparatus.     The 
Hydrogen  is  purified  by  passage  through  a  solution  of  Potassium 
permanganate,  and  saturated  with  aqueous  vapour  by  being  led 
over  moist  glass  wool.     Renewed  access  of  air  again  leads  to  con- 
siderable deflection  of  the  galvanometer.     In  these  experiments 
care  must  always  be  taken  to  keep  the  plants  in  the  dark,  so  as  to 
prevent  assimilation. 

If,  therefore,  we  deprive  plant  structures  of  Oxygen,  we  bring 
about  a  change  in  their  electric  condition,  and  this  justifies  us  in 
concluding  that  metabolism  and  respiration  must  be  regarded  as  a 
cause  of  the  differences  of  potential  to  be  observed  in  plants.  It 
is  true,  killed  plants  (e.g,  pea  seedlings  killed  by  steam)  also 
exhibit  differences  of  potential,  but  these  do  not  undei^o  any 
marked  change  on  withdrawal  of  Oxygen,  which  proves  that  they 
owe  their  origin  to  causes  (chemical  changes  in  the  dead  struc- 
tures) quite  different  from  those  taking  place  in  the  living  plant. 

In  examining  the  results  of  our  observations,  it  is  very  important 
to  bear  in  mind  that  at  present  we  are  only  able  to  demonstrate 
generally  the  existence  of  differences  of  potential  in  plants.  As 
to  their  true  individual  value  we  know  nothing.  The  cells  may  be 
compared  with  small  voltaic  elements,  but  the  galvanometer  indi- 
cates only  the  difference  between  the  strengths  of  the  currents 
leaving  the  different  cell  complexes  brought  into  contact  with  the 
electrodes.  Even  if  the  galvanometer  no  longer  indicates  any 
current  at  all,  electric  actions  might  still  be  going  on ;  the  currents 
sent  through  the  galvanometer  in  opposite  directions  from  the 
two  points  might  be  equal. 

^  See  Haake,  Flora,  1892,  and  Kunkel,  Arbeiten  d.  hotan.  JnstituU  in  Wurz- 
hurff,  Bd.  2.  In  Kankel,  see  also  obseirations  on  differences  of  potential  in 
resting  and  mechanically  atimnlated  leaves  of  Mimosa,  and  on  the  diminution 
of  enrrent  (negative  variation)  exhibited  on  stimulation. 
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IV.     THE    MOVEMENT    OF    GASES    IN    PLANTS. 

64.    Concerning  the  Behavionr  of  Gases  in  General. 

A  test-tnbe  is  filled  with  plant  juice,  e.g.  beetroot  juice, 
obtained  by  rubbing  pieces  of  peeled  beetroot  on  a  grater, 
squeezing  the  pulp  in  a  cloth  and  finally  clearing  bj  filtration. 
We  also  fill  a  small  dish  with  the  beetroot  juice,  invert  the  test- 
tnbe  in  it,  and  then  replace  the  juice  in  the  test-tube  by  Carbon 
dioxide  gas.  If  we  let  the  apparatus  stand  for  some  time,  we 
shall  observe  that  the  juice  rises  in  the  test-tube.  The  Carbon 
dioxide  is  absorbed  by  the  fluid,  and  in  the  same  way  the  sap 
present  in  the  intact  cell  is  able  to  absorb  Carbon  dioxide  gas 
brought  into  contact  with  it.  Oxygen  and  Nitrogen  are  absorbed 
by  aqueous  solutions  much  less  energetically  than  Carbon  dioxide 
gas. 

Air-dry  plant  structures,  e.g.  seeds,  can  also  absorb  not  incon- 
siderable quantities  of  Carbon  dioxide.  In  a  glass  tube  fused  up 
at  one  end,  we  place  15  to  20  air-dry  seeds  of  Phaseolus  multi- 
florns,  and  then  push  in  a  small  piece  pf  cork  or  some  glass 
wool,  so  as  to  confine  the  seeds  to  the  closed  end  of  the  tube. 
The  tube  is  now  placed  with  its  closed  end  downwards,  a  rapid 
current  of  Carbon  dioxide  is  led  into  it,  and  it  is  then  closed  with 
the  thumb  and  quickly  inverted  with  its  mouth  under  mercury. 
The  mercury  gradually  rises  in  the  tube,  the  seeds  in  the  coui'se 
of  several  days  absorbing  some  cubic  centimetres  of  Carbon 
dioxide,  and  if  we  accurately  determine  the  volume  of  the  gas  at 
the  beginning  and  at  the  end  of  the  experiment  respectively  (see 
method  in  13),  we  can  estimate  exactly  the  amount  of  Carbon 
dioxide  fixed  by  the  seeds.*  According  to  Borodin,  soaked  bean 
seeds  absorb  not  much  more  Carbon  dioxide  than  air-dry  seeds,  a 
statement  which  challenges  further  investigation. 

As  shown  by  Graham  and  Bunsen,  the  rate  at  which  gases 
traverse  in  opposite  directions  porous  septa  which  exert  no 
specific  force  or  attraction  on  these  gases,  varies  inversely  as  the 
square  root  of  the  specific  g^vity  of  the  gases.  Indeed,  it  may 
easily  be  shown  that  Hydrogen,  e.g.,  passes  much  more  rapidly 
through  porous  partitions  than  does  atmospheric  air.  In.  my 
experiments  I  used  a  glass  tube  15  mm.  in  diameter  and  about 
40  cm.  long,  closed  at  one  end  with  a  dry  plate  of  clay  5  mm.  in 
thickness.  The  clay  plate  may  be  easily  fixed  on  the  end  of  the 
tube   with   sealing-wax.      If  the   glass   tube  is  now    filled  with 

P.P.  1.V 
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Hydrogen,   and   then    rapidly   inverted    under    water,   the  flnid 

qaickly  ascends  to  a  considerahle 
height  in  the  apparatus,  since  in 
a  given  time  a  larger  quantity  of 
Hydrogen  passes  through  the  cbiy 
into  the  atmosphere  than  atmo- 
spheric air  into  the  tube. 

It  is  more  convenient  to  work 
with  the  apparatus  represented  in 
Fig.  55,  which  I  also  used.  The 
disc  of  clay  T  closed  the  upper  end 
of  the  glass  tube  G,  which  at  the 
bottom  dips  into  water.  The  stop- 
cock H  being  open,  Hydrogen  is 
led  into  the  apparatas  through  S, 
On  closing  the  stopcock  again,  the 
water  gradually  rises  in  the  tube 
0,  This  arrangement  may  also  be 
employed  for  many  of  the  experi- 
ments which  follow. 

Carbon  dioxide  having  a  high 
specific  gravity  traverses  porous 
septa,  such  as  plates  of  clay,  at  all 
events  much  more  slowly  than 
atmospheric  air;  but  the  very  op- 
posite is  the  case,  if  we  separate 
the  Carbon  dioxide  from  the  at- 
mospheric air  by  a  septum  com- 
posed of  a  substance  which  exei'ts 
a  specific  attraction  (gas  absorp- 
tion) on  the  Carbon  dioxide.  I.  closed  a  glass  tube  with  a  thin 
robber  membrane  (fastened  on  with  a  piece  of  elastic),  filled  the 
tube  with  Carbon  dioxide,  and  inverted  it  under  mercury.  The 
mercury  gradually  rose  higher  and  higher  in  the  tube.  It  is  true 
the  mercury  does  not  rise  rapidly,  and  it  is  hence  necessary  to  keep 
the  experiment  going  for  a  good  time  (say  twenty- four  hours). 
If  it  is  not  desired  to  make  accurate  quantitative  experiments,  bnt 
merely  experiments  for  demonstration  purposes,  it  is  well  to  have, 
in  addition  to  the  tube  closed  with  the  rubber  membrane,  another 
of  the  same  dimensions,  but  fused  up  at  its  upper  end.  The 
position  of  the  mercury  in  this  second  tube  indicates  how  far  the 


Fig  66. — Apparatus  for  investigat 
ing  the  difiTaaion  of  grases. 
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volume  of  the  gases  is  effected  during  the  experiment  by  con- 
ditions of  temperature  and  atmospheric  pressure.  It  is  now  seen 
after  some  time  that  the  mercury  in  the  tube  closed  with  the 
membrane  stands  considerably  higher  than  the  other,  and  this  is 
due  to  the  fact  that  owing  to  the  absorption  of  the  Carbon  dioxide 
by  the  rubber^  the  gas,  in  spite  of  its  high  specific  gravity,  passes 
more  rapidly  through  the  membrane  than  can  the  atmospheric 
air. 

I  closed  a  glass  tube  at  one  end  with  a  fresh  piece  of  Nerium 
Oleander  leaf,  filled  the  tube  with  Carbon  dioxide,  and  inverted  it 
under  mercury.  The  mercury  rose  fairly  high  in  the  tube.  In 
this  experiment  the  best  way  to  make  the  tube  air-tight  is  to  slip 
over  it  a  piece  of  cork  with  a  hole  in  the  middle,  till  the  top  of 
the  tube  comes  exactly  flush  with  the  surface  of  the  cork,  and  fix 
this  in  position,  so  as  to  serve  as  a  rim,  by  means  of  sealing-wax 
applied  below.  The  cork  rim  is  then  smeared  on  the  top  with  a 
mixture  of  1  part  of  yellow  wax,  1  part  of  olive  oil,  and  1  part 
of  melted  mutton  suet.  The  piece  of  leaf  is  placed  on  it  with  its 
upper  surface,  which  is  free  from  stomata,  downwards,  and  the 
operation  is  completed  by  smearing  the  edges  of  the  leaf  with  the 
cement. 

More  accurate  results  are  obtained  by  the  following  method  of 
investigation.  A  perforated  piece  of  cork  or  elder  pith  is  poshed 
over  the  well-ground  end  of  a  gla.ss  tube  5-6  mm.  wide,  and  50- 
100  cm.  long,  so  as  to  form  a  rim.  We  warm  well  and  smear  it 
with  melted  sealing-wax  of  the  finest  quality.  We  now  lay  the 
object  to  be  investigated  (e.g.  a  dry,  perfect  piece  of  Hedera  Helix 
leaf,  the  upper  side  of  which,  as  is  known,  is  free  from  stomata, 
or  a  thin  lamella  ol  cork,  cut,  it  may  be,  with  the  microtome)  on 
a  piece  of  cork,  invert  the  glass  tube,  and  bring  it  with  moderate 
pressure  in  contact  with  the  tissue  while  the  sealing-wax  is  still 
melted.  As  a  rule,  we  get  in  this  way  a  perfectly  air-tight 
closure.  After  cooling  thoroughly,  the  tube  is  laid  nearly  hori- 
zontal, carefully  filled  entirely  or  only  in  part  with  mercury,  and 
then  fixed  vertically  with  its  open  end  dipping  under  mercury. 
We  now  displace  part  of  the  mercury  in  the  tube  by  dry  Carbon 
dioxide,  and  let  the  apparatus  stand  in  a  place  looking  to  the 
north.  The  position  of  the  mercury  in  the  tube  is  read,  with  the 
necessary  precautions,  the  temperature  and  barometric  pressure 
being  simultaneously  noted ;  and  if  we  repeat  this  frequently,  e.g, 
once  every  day,  we  obtain  the  following  result.     In  the  apparatus 
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closed  with  a  lamella  of  cork,  the  mercurj  rises  very  slowlj,  e.g. 
only  1  mm.  per  day.  No  rise  at  all  takes  place  if  we  experiment 
with  dry  pieces  of  Hedera  Helix  leaf.  A  fairly  rapid  rise  of  the 
mercury  is  exhibited,  if  we  lay  on  the  pieces  of  tissue,  after  they 
have  been  fixed,  one  end  of  a  strip  of  blotting-paper  the  other  end 
of  which  dips  into  water,  so  that  they  imbibe  water.  It  is  found, 
therefore,  that  gas  dialysis,  in  which,  of  course,  gas  absorption 
plays  an  important  part,  can  only  take  place  vigorously  when  the 
membranes  of  the  plant  tissues  are  imbibed  with  water.  Dry 
membranes  do  not  allow  gases  to  dialyse,  or  they  permit  them 
only  very  slow  passage  (periderm).  Carbon  dioxide  traverses 
plant  membranes  by  dialysis  more  rapidly  than  Nitrogen  and 
Oxygen.* 

*  See  Borodin,  Mimoires  de  Vacad,  imp.  de  St.  Pitersboxtrg,  T.  28,  No.  4. 

'  For  the  literature  see  Detmer,  Lehrbuch  d.  Pfianzenphynolngiey  1883,  p.  97, 
and  Pfeffer,  Handbuch  d.  Pjlanzenphysiologie,  Bd.  1,  p.  8G.  Experimental 
researches  which  are  of  interest  have  been  carried  oat  by  N.  J.  G.  Miiller  (see 
Pringsheim's  Jahrbilcher^  Bd.  7).  Also  see  Wiesner,  Sitzungtber.  d.  Akad.  d. 
WUs.  zu  Wien,  1889,  Bd.  98,  Pt.  1,  p.  693. 


65.  •  The  Intercellular  System  of  Plants. 

The  intercellular  spaces  of  plants,  which  are  so  important  in 
connection  with  gas  exchange,  ventilation,  and  the  hereafter-to- 
be-considered  formation  of  aqueous  vapour  in  the  plant,  are  found 
particularly  between  the  cells  of  the  parenchyma,  but  also  in  other 
places.  They  originate  either  schizogenously  or  lysigenously,  and 
in  the  latter  case  are  often  of  considerable  diameter.  In  the 
parenchyma  the  intercellular  spaces  usually  occur  between  the 
rounded  angles  of  the  cells  as  triangular  intercommunicating 
canals.  We  first  submit  to  microscopic  examination  delicate 
transverse  sections  from  the  cotyledons  of  seeds  of  Lupinus  luteus, 
cut  after  soaking  the  seeds  somewhat.  We  soon  see  the  rather 
narrow  intercellular  spaces  between  the  cells.  The  air  spaces  are 
naturally  of  special  importance  for  normal  germination,  which  is 
lissociatcd  with  active  gas  exchange.  The  intercellular  spaces  are 
also  readily  made  out  between  the  cells  of  the  cotyledons  of 
Lupinus,  when  they  have  risen  above  ground  and  become  green. 

We  further  prepare  transverse  sections  thixjugh  an  internode 
of  Zea  Mais  (see  Fig.  56).  Air-dry  material  is  quite  suitable  for 
our  nurpose.     The  vascular  bundles  are  not  arranged  in  a  circle. 
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but  are  distnbuted  throngh  the  whole  ground  tissue.  The  cells 
of  this  last  are  very  large,  and  our  attention  is  at  once  arrested 
by  the  somewhat  large  intercellular  spaces  which  appear  as  tri- 
angular lacnnse  between  the  cells.  Each  of  the  collateral  vascular 
bundles  is  surrounded  by  a  sheath  of  thick-walled  sclerenchyma 


Fi6.  66.— Transverse  section  through  a  vascular  bundle  from  the  inner  part  of  an  inter. 
node  of  the  stem  of  Zea  Mais,  a  segment  of  an  annular  vessel ;  up,  spiral  vessel ;  m  and 
m\  vessels  with  simple  pits ;  «,  sieve  tube ;  f ,  companion  cell ;  epr,  crushed  primary  phloem  ; 
I,  intercellular  passage ;  vg,  sheath ;  f,  coll  of  the  ground  tissue.  Magn.  180.  (After  Stras- 
burger.) 

cells  closely  packed  without  intercellular  spaces.  In  the  phloem 
of  the  vascular  bundles  the  sieve  tubes  are  visible ;  while  in  the 
xylem  several  large  vessels  at  once  strike  the  eye.  On  the  inner 
side  of  the  vascular  bundle  we  observe  a  wide  intercellular  space. 
This  is  of  lysigenetic  origin,  while  the  intercellular  spaces  of  the 
ground  tissue  are  developed  schizogenetically. 

If    transverse    sections   of    the    stem    of  Juncus    glaucus   are 
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examined  under  the  microscope,  it  is  seen  that,  under  the  strongly 
caticnlarised  epidermis,  green  tissue  and  groups  of  sclerenchj- 
matoas  fibres  alternate  with  each  other.  Under  the  bundles  of 
sclerenchjma  fibres  are  to  be  seen  large  cavities  filled  with  air; 
and  we  farther  perceive  embedded  in  the  ground  tissue  many 
vascular  bundles,  the  wood  and  bast  of  which  are  readily  distin- 
guishable. Each  vascular  bundle  is  provided  both  inside  and 
outside  with  a  layer  of  sclerenchyma  fibres.  If  we  split  a  haulm 
of  Juncus  glaucus  longitudinally,  it  is  seen  that  the  wide  cavity 
in  the  middle  is  not  continuous,  but  is  chambered.  The  cavity  of 
the  haulm  is  traversed  by  numerous  plates  of  tissue,  the  so-called 

diaphragms,  which  are  seen 
^  under    the    microscope    to 

consist  of  many-rayed  star- 
shaped  cells. 

If  we  prepare  a  trans- 
verse section  through  an 
intemode  of  a  vegetative 
shoot  of  Equisetum  arvense, 
the  characteristic  arrange- 
ment of  the  gi*een  paren- 
chyma on  the  one  hand, 
and  of  the  hypodermal 
strand  of  sclerenchymatous 
fibres  under  the  epidermis 
on  the  other,  is  readily 
made  out  even  under  low 
magnification  (see  Fig.  57). 
Then  follows  large-celled 
cortical  tissue  enclosing  wide  air  cavities,  the  so-called  vallecular 
canals.  The  circle  of  vascular  bundles  is  surrounded  by  an  endo- 
dermis,  and  each  bundle  is  clearly  differentiated  into  wood  and 
bast.  In  the  wood  a  wide  intercellular  passage,  the  carinal  canal, 
is  easily  seen.  Finally,  the  hollow  pith  and  the  comparatively 
narrow  intercellular  spaces  between  the  cells  of  the  cortex  and 
pith  are  to  be  noted. 

On  microscopic  examination  of  a  delicate  transverse  section 
from  the  leaf-stalk  of  Nymph89a  alba  we  perceive  an  epidermis 
free  fi*om  stomata,  and  below  this  a  ring  of  collenchyma.  In 
the  peripheral  region  of  the  leaf-stalk  occur  the  vascular  bundles, 
arranged  in  a  circle ;   but  there  are  also  fibro-vascular   bundled* 


Fio.  '67.— Transverae  section  throagh  the 
internodo  of  a  sterile  shoot  of  Eqaisetam 
arvense.  m,  the  pith;  cl,  carinal  canal  in  the 
vascular  handle;  »,  endodermis;  vl,  vallecular 
canal;  hp,  strand  of  sclerenchyma  fibres;  ch, 
green  tissue;  st,  stomatal  apparatus.  (After 
Strasburger.) 


THE  MOLECULAR  FORCES  IK  PLANTS. 


167 


distributed  in  the  ground  tissue.  The  ground  tissue  is  further 
traversed  by  numerous  more  or  less  wide  air  canals.  Into  these 
last  project  stellate  internal  hairs,  each  of  which  springs  from  a 
single  cell  of  the  ground  tissue  limiting  the  canal.^ 


^  Literature:  de  Bary,  Comparative  Anatomy  of  the  Phanerogams  and  Ferm, 
and  Strasboiger,  Practical  Botany  (Hillhouse). 


66.    Lenticels. 

To  acquaint  ourselves  with  the  very  widely  distributed  struc- 
tures known  as  Lenticels,  we  investigate  twigs  of  Sambucus  nigra. 
In  transverse  sections  which  have  been  prepared  from  young 
branches,  we  make  out  that,  immediately  below  the  epidermis,  is 
present  hypodermal  coUenchyma,  interrupted  only  at  places  by 
the  green   cortical    parenchyma,   which,   at    such*  points,-  itself 


Fio.  68. — Transverse  section  thron^h  a  lenticel  of  Sambucas  nigra.  «,  epidermis  ;  ph\ 
pbelloderm  or  oork  cambiam ;  I,  packing  cells ;  pi,  cambium  of  the  lenticel ;  pd,  phelloderm. 
Magn,  90.    (After  Straaburger.) 

reaches  up  to  the  epidermis.  The  inner  cortical  tissue  consists 
entirely  of  green  cells,  and  surrounds  the  circle  of  vascular 
bundles.  Examination  of  older  branches  of  Sambucus  shows  that 
important  changes  have  taken  place.  Close  under  the  epidermis 
a  cork  tissue  has  developed,  the  yellowish  cells  of  which  shut  in 
the  living  tissue  of  the  cortex.  But  this  enclosure  is  not  com- 
plete, since  the  twigs  are  provided  with  numerous  lenticels. 
These  may  be  detected  even  with  the  naked  eye  as  brownish  spots. 
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and  on  microscopical  examination  of  transverse  sections  we  find 
(see  Fig.  58)  that  where  lenticels  occur  the  epidermis  is  barstopen, 
and  that  the  lenticels  are  themselves  filled  with  a  powderj  mass 
of  dark-brown  coloured  cells  (packing  cells).  These  packing  cells 
are,  as  is  known,  produced,  as  also  ai'e  the  cells  of  the  phelloderm, 
by  the  cambium  of  the  lenticels.  The  packing  cells,  which  as 
rapidly  as  they  undergo  disorganisation  from  without  are  replaced 
by  the  cambium,  are  so  arranged  that  spaces  are  left  between 
them  filled  with  air,  and  these  commanicate  with  the  intercellular 
spaces  of  the  internal  tissue  of  the  twigs.  To  prove  this  fact 
experimentally,  we  fasten  a  shoot  of  Sambucus  nigra,  Salix,  or 
Pa  via  rubra,  covered  with  periderm  and  lenticels,  in  the  shorter 
limb  of  a  bent  glass  tube  by  means  of  a  melted  mixture  of  2 
parts  wax  and  1  part  Colophonium.  The  cut  surface  at  the  top 
of  the  branch  is  also  well  sealed  with  the  mixture,  and  the  pre- 
paration is  placed  in  a  glass  cylinder  filled  with  water.  If  we 
now  pour  mercury  into  the  longer  limb  of  the  tube,  bubbles  of 
gas  quickly  emerge  fiHjm  the  lenticels.  They  gradually  detach 
themselves,  only  to  be  replaced  by  fresh  ones.  I  have  made 
similar  observations  in  winter  on  Sambucus  material,  from  which 
it  is  clear  that  the  lenticels  are  not  closed  even  at  that  time  of 
the  year.  In  many  plants,  however,  the  newly  formed  packing 
cells  are  more  closely  arranged  in  winter  than  in  summer,  so  that 
if  we  perform  experiments,  such  as  have  just  been  described,  in 
December,  and  again  at  the  beginning  of  June,  using  Ampelopsis 
material,  it  is  found  that  in  June  large  quantities  of  air  can  be 
forced  through  the  lenticels  far  more  easily  than  in  December. 
The  lenticels  in  twigs  covered  with  penderm  play  a  role  analogous 
to  that  of  the  stomata  on  young  structures.  Like  these,  they  are 
of  importance  for  the  ventilation  of  the  tissues.^  We  can  also 
determine  this  fact  very  simply  by  cementing  shoots  of  the  plants 
at  both  ends  with  wax  mixture,  and  then  putting  them  in  warm 
water.    The  warmed  air  now  escapes  in  bubbles  from  the  lenticels. 


*  Literature  :  Stahl,  Botan.  Zeitumi,  1873,  and  Klebahu,  Jenaische  ZeiUehriJt 
fiir  Mrdicin  und  Satuncistenscha/ty  Neue  Folge,  Bd.  10. 

67.    Stomata  and  their  Importance  in  the  Gas  Exchange. 

A  very  favouitible  object  for  the  study  of  stomata  is  the  leaf  of 
Iris  fiorentiuH.  On  niioi'oscopie  examination  of  delicate  transverse 
sections,  it  is  seen  (see  Fig.  oi>)  that  the  guai-d  cells  of  the  stoma- 
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tal  apparatus  contain  chlorophyll  grains.  The  slit  of  the  stoma, 
and  the  respiratory  cavity  below  the  slit,  are  also  easily  made  out. 
The  depression  above  the  stoma  is  caused  by  the  encroachment  of 
the  adjoining  chlorophyll-free  epidermal  cells  on  the  guard  cells, 
which  they  partly  cover. 

This  depression  of  the  stomatal  apparatus  below  the  surface  is 
not  found  in  leaves  of  Tradescantia  virginica,  as  is  shown  by 
examination  of  thin  transverse  sections.     It  is  characteristic  of 


Fio.  69. — EpidenniB  from  Uie  under  Bide  of  the  leaf  of  Iris  florentin&.  A,  from  above; 
B,  in  transvdrae  section  ;  f,  depresaion ;  <,  stoma ;  c,  caticle ;  a,  respiratory  cavity.  Hagn. 
240.    (After  Strasborger.) 


the  stomata  of  Tradescantia  virginica  that  they  are  almost  invari- 
ably surrounded  by  four  epidermal  cells,  which,  as  can  easily  be 
seen,  contain  beautiful  nuclei.  To  prove  this  we  examine  a  shred 
of  epidermis  stripped  from  the  under  side  of  a  Tradescantia  leaf. 
The  stomata  are  far  less  numerous  on  the  upper  side  of  the  leaf 
than  on  the  under  side  (see  Fig.  60).  Good  material  for  the  study 
of  the  stomatal  apparatus  is  also  afPorded  by  leaves  of  Hyacinthus 
orientalis  and  Lilium  candidum. 

In  studying  stomata,  it  will  soon  be  observed  that  the  number 
of  them  on  equal  areas  of  the  leaf  is  very  different  in  different 
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plants,  or  on  the  upper  and  lower  surfaces  of  the  same  leaf.  So, 
e.g.,  according  to  Weiss,^  the  number  of  stomata  on  1  sq.  mm.  of 
leaf  surface  is  in  : — 

Upper  side. 
Acer  platanoides    ....         0 


Brassica  oleracea  . 
Helianthns  annuus 
Ficus  elastica  .  . 
Orchis  latifolia  .  . 
Nymphsea  alba  .     . 


219 
175 

0 

20 

460 


Under  side. 
550 
301 
325 
145 
67 


The  counting  of  the  stomata  is  certainly  troublesome,  but  the 
method  of  procedure  is  simple.  We  remove  strips  of  epidermis 
from  the  upper  and  under  sides  of  mature  leaves,  lay  them  in  a 


Fio.  80.— Epidermis  of  the  under  side  of  the  leaf  of  Tradesoantia  virginica.  A,  from 
above;  B,  in  transverse  section;  I,  leacoplxists  on  the  cell  nuclei.  Hagn.  210.  (After 
Scrasburger.) 


drop  of  water  on  the  slide,  and  put  on  the  cover-glass.  We  then 
count  the  stomata  observable  in  the  field  of  view,  and  take  the 
mean  of  a  series  of  such  observations.  The  actual  area  of  the 
field  of  view  is  easily  calculated  from  its  diameter  as  determined 
by  means  of  a  stage  micrometer.  It  only  remains  to  estimate 
from  the  number  of  stomata  on  this  area,  the  number  on  unit  area, 
e.g.  1  sq.  mm. 

In  speaking  of  the  stomata  of  plants,  it  is  important  to  make 
mention  of  a  peculiarity  which  is  of  great  significance  in  connec- 
tion with  the  gas  exchange,  and  also  in  connection  with  the  process 
of  transpiration  to  be  discussed  later.  It  is  that  the  slit  between 
the  guard  cells  of  the  stoma  is  by  no  means  always  of  the  same 


THE  MOLECULAR  FORCES  IN  PLANTS.  171 

width.  We  can  easily  prove  that  the  slit  of  a  stoma  under  certain 
•conditions  is  more  or  less  widely  open,  while  under  other  condi- 
tions it  is  closed.  These  remarkable  changes  are  due  to  variations 
in  the  torgidity  of  the  guard  cells  and  of  the  adjoining  epidermal 
cells  of  the  stotnatal  apparatus,  and,  neglecting  complicated  de- 
tails, we  will  make  some  experiments  demonstrating  the  main 
facts.* 

We  examine  firat  a  tangential  section  of  a  leaf  of  Amaryllis 
formosissima,  cut  ofE  in  the  daytime,  and  find  the  stomataopen.  If, 
on  the  other  hand,  we  use  a  half- withered  leaf  of  the  same  plant, 
we  observe  that  the  stomata  are  closed.  It  is  well  to  examine  the 
section  dry,  and  only  add  water  after  we  have  satisfied  ourselves 
that  the  stomata  are  shut.  Addition  of  water  now  causes  the 
stomata  in  the  course  of  a  few  minutes  to  open  widely,  owing  to 
considerable  increase  in  the  turgidity  of  the  guard  cells.  If,  how- 
ever, the  sections  are  left  in  water  for  some  time,  the  stomata  close 
again,  because  the  turgidity  of  the  epidermal  cells  also  gradually 
increases  largely,  so  that  the  pressure  of  the  g^ard  cells  is  little 
by  little  overcome. 

If,  however,  sections  are  prepared  from  Amaryllis  leaves  which 
have  been  well  sunned,  it  is  impossible  to  cause  the  stomata  to 
close  by  treatment  with  water,  since  the  guard  cells,  in  consequence 
of  assimilation,  contain  such  large  quantities  of  osmotically  active 
substances,  that  they  turgesce  energetically  enough  to  hold  the 
turgidity  of  the  neighbouring  epidermal  cells  in  equilibrium. 

The  stomata  of  other  plants  behave  like  those  of  Amaryllis. 
On  the  other  hand,  we  obsei-ve  a  difference  of  behaviour  in  plants 
in  which  the  epidermal  cells  adjoining  the  guard  cells  are  of  no 
great  importance  in  connection  with  the  stomatal  apparatus.  If 
strips  of  epidermis  from  Orchis  leaves  (I  used  Orchis  mascula)  are 
examined  first  of  all  in  a  drop  of  water,  it  is  seen  that  the  stomata 
never  close,  but  remain  open.  If,  on  the  other  hand,  the  section 
be  laid  on  the  slide  in  a  drop  of  cane-sugar  solution,  the  stomata 
close  fairly  quickly.  The  stomata  of  Lilium  candidam  behave  in 
a  similar  manner.  Copious  supply  of  water  to  the  plant,  to  leaves 
removed  from  the  plant,  or  to  the  sections,  opens  the  stomata. 
Withering  of  the  leaves,  or  withdrawal  of  water  from  the  sections, 
reduces  the  turgidity  of  the  guard  cells,  and  causes  the  stomata 
to  close. 

The  stomatal  apparatus  of  many  plants  reacts  also  to  changes 
in   illumination.      The   stomata  of    Amaryllis   formosissima,  for 
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example,  are  closed  at  night.  Direct  sanlight  causes  them  to 
open  widely,  and  if  we  suddenly  cut  off  the  light  from  leaves  pre- 
viously brightly  illuminated,  we  shall,  aft«r  a  few  hours,  find  the 
stomata  closed.  We  may  also,  as  I  have  often  done,  experiment 
with  leaves  of  Amaryllis  removed  from  the  plant,  and  placed  with 
the  cut  end  in  water.  If  we  examine  sections  of  such  leaves  after 
they  have  been  brightly  illuminated  for  several  hours,  we  always 
find  the  stomata  open,  whereas  leaves  which  have  been  kept  in  the 
dark  exhibit  closed  stomata.  Schaefer  (I.e.  p.  194)  showed 
directly  that  the  closing  in  darkness  is  due  to  diminished  tui^- 
dity  of  the  guard  cells,  and  not  to  increased  turgidity  of  the 
neighbouring  epidermal  cells.  In  investigating  the  influence  of 
conditions  of  illumination  on  the  stomatal  apparatus  of  Orchis 
mascula,  I  could  not  determine  any  marked  difference  as  regards 
width  of  slit  between  leaves  exposed  to  light  and  leaves  kept  dark. 
Leitgeb  also  has  recently  obtained  similar  results  with  Orchis  (see 

his  cited  work,  p.  160). 
The  influence  of  in- 
duction currents  on  the 
stomatal  apparatus  is 
very  surprising.  We 
take  a  strip  of  epi- 
dermis from  the  under 
side  of  a  leaf  whose 
stomata  can  open 
widely.  I  obtained 
the  best  results  with 
leaves  of  Orchis  mas- 
cula,  gathered  in  the 
daytime  and  kept  for 
some  time  in  water. 
The  strip  of  epidermis 
was  placed  on  a  slide 
like  that  described  in 
54,  and  depicted  in 
Fig.  45,  which  is  de- 
signed for  studying 
the  influence  of    elec- 

FiG.  61.— Apparatus  for  proving  'that  the  air  can  pass    tricity    on     plant-Cells. 
throuffh  stomata.  t£  t  ± 

If    we    focus     a     few 
stomata,  and  then  pass  induction  cuiTentn  through  the  section, 
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the   stomata   in   a   short  time   close   under  the  eye   of   the   ob- 
server.* 

It  is  very  instractive  to  determine  experimentally  that  the 
stomata  are  open  and  form  fi'ee  outlets  from  the  intercellular 
spaces.  We  may  first  make  the  following  experiments,  usiug  an 
uninjured  leaf  of  Primula  sinensis.  The  apparatus  depicted  in 
Fig.  61  is  employed.  The  glass  6?,  fitted  with  a  two-holed  rubber 
stopper,  is  half  full  of  water.  One  limb  of  the  tube  B,  which  is 
bent  at  right  angles,  passes  just  through  the  stopper.  The  leaf- 
stalk P  dips  into  the  water.  If  we  rarefy  the  air  in  the  appar- 
atus by  sucking  with  the  mouth,  fresh  air  passes  into  the  stomata 
of  the  leaf  and  emerges  in  a  stream  of  bubbles  at  the  cut  surface 
of  the  leaf-stalk  situated  below  the  surface  of  the  water.  If  we 
experiment  with  other  leaves,  we  shall  yerj  often  find  that  the  re- 
duction of  pressure  effected  by  mere  mouth  suction  is  not  sufficient 
to  cause  an  escape  of  air  from  the  cut  surface  of  the  leaf-stalk. 
We  must  then  connect  the  end  of  the  tube  R  with  an  air-pump 
in  order  to  get  better  exhaustion. 

We  can,  however,  show  conversely  that  air  forced  into  the  leaf- 
stalk passes  into  the  intercellnlar  spaces,  and  escapes  from  the 
stomata.  I  also  ased  leaves  of  Primula  sinensis  for  experiments 
of  this  kind.  If  we  dip  the  blade  of  the  leaf  under  water,  and  then, 
taking  the  leaf-stalk  into  the  mouth,  blow  vigorously  into  it,  bub- 
bles of  various  sizes  will  be  seen  to  detach  themselves  from  the 
leaf.  There  may  not  be,  as  we  might  perhaps  expect,  a  fine  stream 
of  bubbles  from  each  stoma,  but  the  air  forced  out  collects  to  form 
larger  bubbles,  which  then  here  and  there  rise  from  the  surface 
of  the  leaf.  If  the  blade  of  the  leaf  is  left  for  some  time  under 
water,  it  becomes  impossible  to  drive  air  thix)ngh  it  by  mere  blow- 
ing. The  stomata,  in  fact,  gradually  become  blocked  up  with 
water  retained  by  capillarity,  and  this  state  of  affairs  may  be  very 
rapidly  brought  about  in  the  leaf  of  Primula  sinensis  by  applying 
the  lips  to  the  cut  end  of  the  leaf-stalk,  and  exerting  suction 
while  the  blade  is  under  water.  The  stomata  and  the  inter- 
cellular spaces  are  thus  injected  with  water,  and  the  blade  con- 
sequently changes  in  colour,  becoming  also  translucent.  We  are 
now  unable  to  drive  air  through  the  leaf  by  vigorous  blowing. 

*  This  closure  of  the  stomata  is  due  to  the  death  of  the  guard  cells  under  the 
influence  of  the  current.  The  stomata,  therefore,  do  not  subsequently  open 
again,  and  the  contents  of  the  guard  cells  often  rapidly  break  up. 
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i  of  great   importance 

i 


To  demonstrate  clearly  the  fact,  which  i 
in  explaining  the  above  experiments,  that 
water  retained  by  capillarity  can  hold  itself 
in  eqniJibrinm  against  not  inconsiderable 
pressnrea,  we  make  the  following  eiperi- 
ment,  nsing  the  apparatus  depicted  in  Fig. 
62.  The  shorter  limb  of  a  bent  glass  tube, 
a  few  millimetres  in  diameter,  is  drawn  out 
at  its  end  to  a  tine  capillary.  We  now 
place  the  tube  in  a  glass  cylinder  filled 
with  water,  with  the  capillary  opening  a 
few  centimetres  below  the  surface  of  the 
water,  and  ponr  mercury  into  the  longer 
limb  of  the  tube  till  a  pressure  of  abont 
20  cm.  of  mercury  is  attained.  We  ob- 
serve that  a  Gne  stream  of  babbles  escapes 
from  the  capillary  end  of  the  tnbe.  The 
mercury  sinks  further  and  farther  in  the 
long  arm  of  the  tube  till  its  preasnre,  as 
indicated  by  the  difference  in  level  in  the 
two  limbs,  is  reduced  to  a  few  centimetres, 
and  then  no  further  depression  of  the 
mercury  takes  place,  and  at  the  same  time 
the  stream  of  air  ceases.  The  6ne  open 
end  is  blocked  with  water.  The  final  inTntigMins  th 
mercurial  pressure  is  held  in  equilibrium  '"  "'*'    "* 

by  capillary  attraction  of  water  into  the  drawn-out  portio 
tube. 

If  we  immerse  in  water  the  blade  of  a  leaf  of  Caltha  palustris, 
or  Nymphiea,  or  part  of  a  leaf  of  Allium  Cepa,  and  blow  into 
the  leaf-stalk,  or,  in  the  case  of  Allium,  into  the  open  end  of  the 
leaf,  we  succeed  here  again,  in  this  simple  manner,  in  forcing  air 
through.  The  surface  of  the  immersed  portion  of  the  Allium 
leaf  exhibits  a  beautiful  silvery  lustre,  due  to  its  being  covered 
with  a  layer  of  air,  which  causes  total  reflection  of  light.  If  by 
rubbing  with  the  finger  we  remove  the  adherent  layer  of  air  from 
any  parts  of  the  leaf,  the  water  obtains  access  to  them,  and  they 
take  on  a  green  colour.  Air  now  escapes  from  the  leaf  on  blowing, 
only  where  the  epidermis  is  still  provided  with  its  silvery  covering. 
No  air  bubbles  are  set  free  from  the  wetted  parts  since  the  sto- 
mata  are  here  stopped  up  by  water  attracted  by  capillarity,  and 
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the  comparatively  small  pressure  produced  by  mere  blowing  with 
the  mouth  is  insufficient  to  force  the  water  out  of  these  stomata. 

In  experiments  respecting  the  passage  of  air  through  the 
stomata,  it  is  often  suitable  to  adopt  the  following  method  of 
procedure.  We  fix  air-tight  in  the  shorter  limb  of  a  bent  glass 
tube,  a  leaf-stalk  bearing  an  uninjured  lamina,  or  a  stem  bearing 
leaves  (I  used,  e.g.^  the  end  of  a  Camellia  shoot  bearing  a  terminal 
bud  and  a  single  leaf).  The  closure  is  made  air-tight  in  different 
ways  according  to  circumstances.  Frequently  it  is  sufficient  to 
seal  up  with  a  mixture  prepared  by  melting  together  equal  parts 
of  yellow  wax,  olive  oil,  and  melted  mutton  suet.  In  other  cases 
we  use  a  piece  of  rubber  tubing ;  or  we  first  fit  the  tube  with  a 
perforated  cork,  and  pass  the  leaf -stalk  or  shoot  through  this, 
and  then  complete  the  operation  by  smearing  carefully  with  wax 
mixture.  If  we  pour  mercury  into  the  longer  limb  of  the  bent 
glass  tube,  and  place  the  apparatus  in  a  cylinder  filled  with  water, 
the  compressed  air  escapes  from  the  stomata,  and  bubbles  of  air 
of  various  sizes  pass  from  the  leaf-blade  and  rise  through  the 
water.' 


^  See  Weiss,  in  Pringsheim's  Jahrbilcher^  Bd.  4. 

*  Literature :  Mohl,  Botan.  Zeitung^  1856 ;  Schwendener,  Monatsberichte  d, 
Berliner  Akademie  d.  WUt,^  1881 ;  Leitgeb,  Mittheilungen  d,  botan.  Instituts  zu 
OrtUt  Bd.  1,  Jena,  1886;  Sohaefer,  Ja/tr&uc/ier/.  wiasensch.  Botanik^  Bd.  19. 

'  With  reference  to  what  is  here  said,  see  especially  Sachs,  Handbuch  der 
Experimentalphysiologie  d.  PJianzen^  1865,  p.  252. 


68.    Positive  and  Negative  Oaseona  Pressure  in  Plants. 

The  air  in  the  intercellular  spaces  of  submerged  plants,  in 
which,  as  is  well  known,  stomata  are  usually  absent,  is  often  at  a 
positive  pressure.  This  excess  of  pressure  may  be  brought  about 
in  various  ways,  but  the  assimilatory  activity  of  the  green  parts  of 
the  plants,  under  the  influence  of  sunlight,  is  of  special  importance. 
If  we  place  shoots  of  Elodea  in  spring  water,  and  expose  them  to 
direct  sunlight,  a  stream  of  bubbles  will  spring  from  the  cut  end 
of  the  stem,  as  we  have  proved  in  11.  This  evolution  of  Oxygen 
ceases  almost  at  once  if  we  prevent  access  of  light.  If  uninjured 
plants  of  Elodea  or  Ceratophyllum,  or  shoots  of  these  plants  (I 
experimented  with  shoots  of  Elodea)  whose  cut  surfaces  have  been 
smeared  with  wax,  are  exposed  under  water  to  the  influence  of 
direct  sunlight,  there  is  no  escape  of  bubbles  of  gas.     The  Oxygen 
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prodaced  collects  in  the  intercellular  spaces ;  it  does  not  pass  out 
into  the  water  by  dialysis  at  the  same  rate  as  it  is  formed,  and 
consequently  the  gas  in  the  intercellular  spaces  soon  stands  at  a 
positive  pressure.  In  fact,  if  we  prick  the  stem  of  one  of  the 
plants  with  a  needle,  a  very  rapid,  but  it  is  true  instantly 
diminishing,  stream  of  bubbles  at  once  springs  from  the  wound. 
If  we  repeat  this  experiment  with  plants  which  have  been  kept 
in  darkness  for  a  time  under  water,  the  injury  does  not  lead  to 
this  copious  liberation  of  gas,  since  the  Carbon  dioxide  formed  in 
the  process  of  respiration  cannot  much  affect  the  pressure  of  the 
intercellular  gases.  It  is  easily  soluble  in  water,  and  can  readily 
pass  over  by  dialysis  from  the  plants  into  the  medium  surrounding 
them.  To  acquaint  ourselves  more  minutely  with  the  intercellular 
system  of  Elodea  canadensis,  we  subject  transverse  sections  of  the 
stem  to  microscopic  examination.  Under  the  feebly  differentiated 
epidermis  lies  a  comparatively  well-developed  cortex,  which  in  turn 
surrounds  the  axile  bundle.  The  cells  of  the  cortical  tissue  have 
small  intercellular  spaces  between  them,  but  besides  these  there  is 
present  in  the  cortex  a  circle  of  large  air-canals. 

The  air  in  the  intercellular  spaces  may,  however,  under  certain 
conditions  have  a  slight  negative  pressure,  being  more  rarefied 
than  the  atmospheric  air.  This  may  be  due  to  a  variety  of  con- 
ditions, but  I  will  consider  only  one  case.  If  branches  of  trees 
are  exposed  to  direct  sunlight,  their  cortical  tissue  especially  will 
frequently  attain  a  higher  temperature  than  the  surrounding  air. 
The  gases  in  the  intercellular  spaces  expand,  and  if  lenticels  are 
present  some  of  it  escapes  through  them.  The  air  remaining  in 
the  intercellular  spaces  is  now  more  rarefied  than  that  of  the 
atmosphere. 

The  fact  that  the  gases  in  the  elements  of  the  wood,  especially 
at  the  time  of  active  transpiration,  stand  at  a  considerable  negative 
pressure  is  very  important,  and  is  of  great  significance  in  the 
explanation  of  many  phenomena  of  plant  life.  We  shall  later 
return  to  this  remarkable  phenomenon  of  the  negative  pressure 
of  the  air  in  the  wood,  but  will  fii'st  fix  our  attention  on  some 
conditions  which  stand  in  relation  to  it. 

It  is  first  to  be  noticed  that  the  cork  tissue,  if  we  leave  out  of 
consideration  lenticels,  does  not  allow  gas  to  pass  through  it,  even 
under  considerable  pressure.^  By  means  of  sealing-wax  I  fixed  a 
thin  transverse  section  of  cork  (which  had  been  prepared  from  a 
smal'  — ^'  ^y  means  of  a  razor)  air-tight  over  the  opening  of  the 
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shorter  limb  of  a  bent  glasB  tnbe,  n  few  millimetrsa  ia  diameter. 
On  ponring  mercury  into  tbe  longer  limb  no  escape  of  air  took 
place  through  the  cork  dine,  even  when  there  was  a  conBJderable 
difference  in  the  level  of  the  merenry  in  the  two  limbs  of  the  tube, 
and  the  poaition  of  the  mercury  even  after 
same  as  at  the  beginning  of  the  experiment. 
Similarly,  as  Wiesner  showed,  all  other 
kinds  of  tisane  refuse  to  permit  filtration 
of  gaa  under  pressure,  if  they  are  com- 
pletely dosed  on  the  oataide.  In  many 
cases  it  is  convenient,  in  making  experi- 
ments on  this  subject,  to  have  the  bent 
glass  tobe  (5-6  mm.  in  diameter)  provided 
with  a  metallic  attachment,  snch  that  a 
suitable  object  can  be  inserted  into  it,  and 
fixed  air-tight  by  screwing  on  a  perforated 
cap.  To  pivtect  the  tissue  it  is  laid  be- 
tween rubber  washers.  Suitable  objects 
for  investigation  are  the  skin  of  au  apple, 
tbe  seed- coats  of  peas  and  beans,  and 
pieces  of  living  or  dried  ivy-leaf,  whose 
npper  surface  as  is  known  is  free  from 
etomata. 

Before  going  on  to  consider  the  negative 
pressure  of  the  gases  in  the  elements  of 
the  wood,  we  will  here  proceed  to  make  a 
few  experiments  regarding  the  permeability 
to  gases  of  the  lumen  of  tbe  wood  vessels, 
and  also  of  the  membranes  of  the  elements 
of  the  wood.  If  pieces  of  twig,  about 
6  cm.    long    and   8   tnm.    thick,    provided 

with  cort«x,  are  fixed  by  means  of  rubber  tubing  in  the  shorter 
limb  of  a  bent  glass  tnbe  (see  Fig.  63),  and  we  then  pour  mer- 
cury into  the  longer  limb  of  the  tnbe,  and  place  the  apparatus 
in  a  cylinder  of  water  so  that  the  upper  cut  eud  of  the  stem  is  a 
few  centimetres  below  the  enrface  of  the  water,  we  see  numerous 
bobbles  of  air  rise  from  the  smooth  cut  surface,  indicating  that 
tbe  lumen  of  tbe  vessels  is  permeable  to  air.  Tbe  mercury  sinks 
more  and  more  in  the  longer  limb,  rising  in  the  shorter  one,  till 
the  difference  in  level  in  the  two  limbs  is  reduced  to,  say,  one 
or  two  centimetres.      When  the  mercury  has  come  to  rest,  the 
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water  which  has  penetrated  into  the  wood  vessels  from  outside 
(even  into  the  widest  ones),  and  is  there  retained  by  capillary 
attraction,  holds  in  eqnilibriam  the  final  mercurial  pressure.  It 
is  also  easy  to  see  why  the  ultimate  mercurial  pressure  will  be 
less  if  we  experiment,  e.g*,  with  stems  of  Vitis,  than  if  we  use 
stems  of  Sambncns,  Prunns,  or  Crataegus.  The  vessels  in  the 
first  plant,  as  we  can  easily  ascertain  by  examination  of  trans- 
verse sections  under  the  microscope,  are  much  wider  than  those 
of  the  others,  and  therefore  also  in  the  Vitis  stem  the  resistance 
of  the  water  retained  by  the  vessels  by  capillary  attraction  is  less 
than  that  of  the  water  which  has  penetrated  the  Sambucus, 
Prunus,  or  Crataagus  vessels.' 

It  is  also  of  interest  to  satisfy  ourselves  that  the  length  of  the 
vessels  or  segments  of  vessels  is  not  nearly  so  great  as  we  have 
been  accustomed  to  suppose.  From  a  shoot  of  Alnus  glutinosa, 
about  five  years  old,  we  isolate  under  water  a  middle  piece  about  7 
cm.  long.  With  the  upper  end  of  the  piece  of  twig  (that,  viz.,  which 
was  originally  directed  towards  the  apex  of  the  shoot)  we  now 
connect  by  means  of  rubber  tubing  a  glass  tube  6  cm.  long,  and 
connect  this  in  turn  with  the  air-pump.  The  lower  end  of  the 
piece  of  twig  we  dip  into  a  fluid  consisting  of  3  parts  of  water 
and  1  part  of  the  officinal  Liquor  ferri  oxychlorati.*  On  exhausting, 
the  brown  fluid  penetrates  into  the  opened  vessels.  In  the  glass 
tube,  however,  appears  a  perfectly  colourless  fluid.  We  continue 
the  exhaustion  for  about  quarter  of  an  hour,  and  then,  by  means 
of  garden  clippers,  cut  away  a  portion  from  the  lower  end  of  the 
piece  of  twig.  If,  continuing  the  injection,  the  fluid  passing  into 
the  glass  tabe  still  remains  water-clear,  we  cut  off  another  piece, 
and  so  on,  till  finally  the  brown  fluid  begins  to  appear  in  the 
tube.  This  happens  in  the  Alnus  twig  when  it  has  been  reduced 
to  a  length  of  about  5'o-6  cm. 

The  Ferric  oxy chloride  is  highly  colloidal,  and  therefore  cannot 
traverse  plant  membranes.  If  accordingly,  with  a  long  piece  of 
branch,  the  Ferric  compound  does  not  appear  in  the  tube,  its  pro- 
gress in  the  vessels  must  have  been  stopped  by  a  membrane  (trans- 
verse wall),  and  the  occurrence  of  such  imperforate  transverse 
walls  is  in  this  way  established.  At  the  same  time  the  injection 
method  affords  a  means  of  determining  the  length  of  the  vessels. 
The  length  is  obviously  that  of  the  piece  of  twig  when  the  iron 

**  This  fluid  is  an  aqneous  solution  of  Ferric  oxyehloride. 
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Bolation  begins  to  appear  in  the  glass  tube.  The  yalnes  obtained* 
always  refer  to  the  longest  of  the  vessels  present.  In  three-year- 
old  shoots  of  Corylns  avellana  the  length  is  abont  11  cm. ;  the 
vessels  in  Aristolochia  twigs  are  very  long,  often  as  much  as  200 
cm.  (six-year-old  shoot). 

We  now  treat  in  exactly  the  same  way  a  10  cm.  piece  of  Alnns ' 
twig  several  years  old.  When  this,  after  continued  exhaustion,  is 
sufficiently  injected  with  the  iron  solution,  we  dip  the  lower  end 
of  it  into  a  mixture  of  1  part  of  commercial  ammonia  and  3 
parts  of  water,  and  exhaust  further.  By  microscopic  investiga- 
tion of  longitudinal  sections,  and  by  comparing  successive  trans- 
verse sections,  we  determine  up  to  what  height  the  red-brown 
precipitate  thrown  down  by  the  ammonia  solution  reaches  in  the 
vessels.  At  these  limits  are.  also  to  be  seen,  especially  in 
tangential  sections,  the  oblique,  imperforate,  division  walls  of  the 
vessels.* 

It  is  a  fact  of  great  importance  that  the  membranes  of  the 
elements  of  the  wood  are  very  highly  impermeable  to  air,  even  under 
considerable  pressure.^  This  fact  is  of  high  significance  for  the 
theory  of  the  negative  pressure  of  air  in  wood,  and  also  for  the 
theory  of  the  movement  of  water  in  plants,  and  it  gains  a  very 
special  intei*est,  if  we  place  it  side  by  side  with  the  fact,  which 
we  shall  establish  later,  that  the  same  wood  substance  which  is 
penetrated  with  such  difficulty  by  air,  offers  scarcely  any  resist- 
ance to  the  movement  of  water. 

We  can  best  satisfy  ourselves  that  the  wood  substance  does  offer 
very  great  resistance  to  the  passage  of  air  by  using  pieces  of 
wood,  a  few  centimetres  long,  and  about  the  thickness  of  a  finger, 
cut  out  from  the  youngest  annual  rings  of  newly  felled  trunks 
of  Taxus  baccata  or  Abies  pectinata.  Such  a  piece  of  wood  is 
fixed  air-tight  in  the  shorter  limb  of  a  bent  glass  tube  by  means 
of  rubber  tubbing.  We  then  pour  mercury  into  the  longer  limb, 
and  place  the  apparatus  in  a  glass  cylinder  filled  with  water  (see 
Fig.  63).  If  we  use  fresh  pieces  of  wood,  or  still  better  fresh 
pieces  of  wood  which  have  been  lying  for  some  time  in  water,  a 
pressure  of  76  cm.  of  mercury  is  often  insufficient  to  force  air 
through.  We  shall  see  in  another  place  that  the  tracheides  of  the 
wood  do  not  directly  communicate  with  each  other.  We  shall  also 
see  that  water  can  filter  with  the  utmost  ease  through  the  closing 
membranes  of  the  bordered  pits  of  the  tracheides,  while  air  can- 
not traverse  them  even  under  high  pressure.     If  we  find  that  by 
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>means  of  the  apparatus  above  described  we  can  at  a  considerable 
pressare,  or  even  at  a  comparatively  small  one,  force  air  throngh 
pieces  of  coniferous  wood — and  this  result  we  do  sometimes  obtain 
— this  always  indicates  the  presence  in  the  object  either  of  very- 
long  tracheides  (e.g.  in  the  medullary  sheath)  or  of  intercellular 
spaces,  which,  indeed,  as  Russow  has  shown,  are  not  completely 
absent  even  in  coniferous  wood.  In  an  experiment  with  a  piece 
of  Tazus  baccata  stem,  deprived  of  its  cortex,  and  about  50  mm. 
long  and  6  mm.  in  diameter,  I  found  that  air  escaped  from  the 
upper  cut  surface  at  a  pressure  of  20  cm.  of  mercury,  but  with 
a  pressure  of  15  cm.  there  was  no  longer  any  escape  of  air. 

We  may  also  employ  the  poroscope  of  Christiani  to  demonstrate 
that  the  tracheides  of  the  wood  are  impermeable  to  air  under  a 
certain  pressure.  The  apparatus,  which  is  made  of  glass,  is  shown 
in  Fig.  64,  and,  as  we  see,  consists  essentially  of  two  manometers. 
If  a  short  peeled  piece  of  a  shoot  of  Taxus  or  Abies  is  inserted 
between  a  and  b,  and  fixed  air-tight  by  means  of  sealing-wax, 
and  we  now  blow  into  the  end  of  the  tube  8ch,  the  height  of  the 
mercury  in  the  manometer  M  is  of  course  considerably  changed, 
but  not  that  of  the  mercury  in  the  manometer  if',  since  no  air 
passes  through  the  wood.  If  we  now  experiment  with  the 
vascular  wood  of  a  dicotyledonous  plant,  the  height  of  the  mer- 
cury is  naturally  at  once  altered  in  both  manometers  on  blow- 
ing, since  the  vessels  provide  an  open  communication  between 
a  and  h. 

Another  important  fact,  which  can  be  demonstrated  in  lecture 
by  the  following  experiment,  is  that  there  is  no  open  communi- 
cation between  the  gases  in  the  cellular  and  intercellular  spaces. 
We  experiment  with  branches  of  Comus  mas,  Philadelphus,  and 
Syringa,  using  pieces  30  cm.  long  and  1  cm.  thick,  and  provided 
with  numerous  lenticels.  The  object  is  fixed  in  the  shorter  limb 
of  a  bent  glass  tube,  so  as  to  project  into  it  for  about  two-thirds 
of  its  length.  The  end  which  is  to  be  introduced  into  the  tube  is 
first  of  all  made  air-tight  with  sealing-wax.  We  now  place  the 
apparatus  in  a  large  glass  cylinder  full  of  water,  and  pour  mercury 
into  the  longer  limb  of  the  tube.  If  we  do  not  employ  too  high 
a  mercury  pressure,  say  about  20-30  cm.,  air  escapes  at  the  upper 
cut  surface  of  the  object  only  from  the  cortex,  pix)ving  that  no 
free  communication  exists)  between  the  intercellular  spaces  on  the 
one  hand  and  the  vessels  on  the  other.  If  we  raise  the  pressure, 
air  escapes  also,  especially  after  a  little  time,  from  the  wood,  since 
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under  such  conditions  air  is  forced  into  the  intercellular  spaces, 
which,  as  recent  researches  have  shown,  are  not  entirely  absent 
even  in  the  wood,  though  they  are  there  certainly  very  narrow.* 

It  is  even  possible  moreover,  at  any  rate  in  some  plants,  that 
air  can  at  high  pressure  pass  in  small  quantities  from  the  inter^ 
cellular  spaces  through  the  membranes  of  the  vessels  (gas  filtra- 
tion). 

It  is  also  instructive  to  investigate  the  phenomena  under  con- 
sideration with  the  help  of  the  apparatus  depicted  in  Fig.  65, 


Fio.  64.— Poroacope. 


Fig.  Ii6.— Apparatus  for 
inveBtigating  the  morement 
of  gases  in  the  plant.  (After 
Pfeffer.)  , 


using  leaves  of  Heracleum,  ^go podium,  etc.,  or  shoots  of  various 
plants  {e,g.  of  Prunus  Pad  us).  The  glass  cylinder  g  is  closed  with 
a  cork,  in  which  the  leaf-stalk  or  shoot-axis  has  been  cemented 
air-tight.  The  cylinder/,  which  contains  water,  may  fit  on  the 
same  cork.  The  cut  surface  of  the  object  lies  just  below  the 
surface  of  the  water,  so  that  it  can  be  observed  through  a  suitably 
mounted  microscope  magnifying  twenty  or  forty  times.  If  now 
mercury  is  poured  into  the  tube  /,  so  as  to  compress  the  air  in  ^, 
which  it  is  best  to  keep  moist  by  means  of  a  layer  of  water  on 
the  mercury,  the  air  enters  the  stomata  and  escapes  at  the  cut 
surface,  as  the  mici\)scope  shows,  only  from  the  cortex  and  pith. 
If   we  increase  the   pressure,  small  quantities  of   air   may  also 
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escape  from  the  vessels.  It  is  finally  very  instructive  to  fill  g 
with  Carbon  dioxide,  and  /  with  clear  lime-water,  and  then  pro- 
ceed as  before.  It  is  found  that  the  Carbon  dioxide  forced  into 
the  stomata  escapes  from  the  cut  surface,  and  renders  the  lime- 
water  turbid. 

We  now  proceed  to  acquaint  ourselves  in  detail  with  the  facts 
which  are  known  concerning  the  negative  pressure  of  the  air  in 
the  wood- vessels.  It  is  certain  that  at  particular  times,  when  the 
transpiration  is  feeble,  the  vessels  of  the  wood  contain  larger  or 
smaller  quantities  of  water,  viz.  in  spring,  and  also  in  summer  at 
night-time.  When  the  transpiration  becomes  energetic,  the  water 
is  used  up,  and  since,  as  we  have  seen,  wood  substance  is  extremely 
impermeable  to  air,  a  negative  gaseous  pressure  will  be  set  up  in 
the  vessels,  i.e.  the  air  in  the  vessels  will  be  at  a  lower  pressure 
than  that  of  the  atmospheric  air.  The  negative  pressure  varies 
considerably  in  amount.  It  is  even  possible  that  the  gaseous 
pressure  in  the  vessels  may  at  times  be  extremely  small.  To 
prove  that  the  air  in  the  vessels  is  actually  at  a  negative  pres- 
sure, we  may  perform  the  following  experiments  : — 

We  bore  a  hole  to  the  centre  of  a  birch  tree,  and  fix  in  it,  air- 
tight, one  limb  of  a  glass  tube,  bent  at  right  angles,  the  other 
limb  being  allowed  to  dip  into  water.  We  shall  soon  see  that  the 
water  rises  in  the  tube. 

We  put  together  an  apparatus  such  as  is  represented  in  Fig.  66. 
A  cut  shoot  (I  experimented  with  Lonicera,  and  especially  with 
willow  twigs)  is  placed  with  its  lower  end  in  water.  The  bent 
tube  0  is  in  air-tight  connection  with  the  branch,  say  at  a,  by 
means  of  rubber  tubing,  its  other  end  dipping  into  water  or 
mercury.  Owing  to  the  rarefaction  of  the  air  in  the  vessels, 
brought  about  by  transpiration,  the  fluid  soon  rises  in  the  tube, 
as  in  the  previous  experiment. 

For  further  experiments  we  may  use  shoots  of  Ampelopsis,  Vitis, 
Clematis,  Aristolochia,  Phaseolas,  Helianthus,  Quercus,  Robinia, 
or  Juglans,  without,  however,  removing  them  at  first  from  the 
parent  plants.  The  bean  plants  may  be  grown  in  flower  pots. 
In  experiments  with  Ampelopsis,  Quercus,  and  Juglans  we  test 
the  behaviour  of  branches  several  years  old.  We  bend  these 
down,  dip  them  into  an  aqueous  solution  of  eosin  at  a  point  about 
50  or  100  cm.  from  the  end  of  the  branch,  and  then  sever  them 
at  this  point,  under  the  solution,  with  shears.  The  cut  surfaces 
are  left  in  the  solution  for  two  minutes  longer.    We  then  carefully 
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wash  them,  and  examine  both  the  isolated  portion  of  the  branch, 
and  that  still  in  connection  witb  the  parent  plant.  It  is  foand 
that  the  solution  has  penetrated  many  oeotimetrea,  as  is  indicated 
by  the  staining  of  the  wood,  whether  the  plant  be  herbaceons  or 
woodf.      The   experiments  sncceed  particniarljr  well,  as  I  have 


Fio.  M— Apr*nU.ns lor  proilnj! ths negt 


itiirinthsTHHli. 


often  fonnd,  with  Ampelopsis  and  Phaseolns  shoots,  and  yield 
particalai'ly  strikinf^  results  when  we  work  with  potted  bean 
plants  which  have  been  allowed  to  wither  to  some  extent,  or  shoots 
of  the  wild  vine  cut  throngh  on  a  very  hot,  dry  summer  day. 

These  experiments    prove  that  the  air  in  the  vessels  is  at  a 
negative  pressure,  for  the  considerable  rise  of  the  coloured  solotion 
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in  the  stems  can  only  be  due  to  the  atmospheric  pressai'e  forcing 
the  fluid  into  the  vessels.  The  rise  of  the  eosin  solution  is  not 
merely  the  result  of  capillarity,  as  may  readily  be  proved.  If  we 
sever  shoots  of  the  plants  in  air,  and  then  quickly  dip  their  ends 
into  the  eosin  solution,  it  rises  but  little  in  the  vessels,  because 
air  has  penetrated  into  them,  and  their  gaseous  contents  are  no 
longer  under  negative  pressure.  Naturally  in  this  last  experi- 
ment the  pigment  solution  will  rise  to  a  less  height  in  the  vessels 
by  capillarity,  the  wider  these  are. 

We  now  make  our  experiments  in  a  somewhat  different  manner. 
We  dip  the  branch  into  mercury  at  a  point  about  50  cm.  from  the 
summit,  and  sever  it  below  the  mercury.  After  two  minutes  we 
remove  the  severed  portion  from  the  mercury,  and,  on  peeling  it, 
find  that  the  mercury,  which  can  be  recognised  fix>m  the  outside 
by  the  presence  of  numerous  grey  lines  running  parallel  to  each 
other,  has,  under  the  pressure  of  the  atmosphere,  been  forced  up 
into  the  vessels  of  the  wood  to  a  considerable  height.  In  Robinia, 
e.gr.,  the  mercury  may  in  the  proximal  portion  of  the  shoot — that, 
viz.,  remaining  in  connection  with  the  plant — be  raised  in  single 
vessels  to  a  height  of  50  cm.  In  the  distal  portion — that,  viz., 
severed  from  the  plant — it  does  not  rise  so  high.  If  branches  cut 
in  the  air  have  their  lower  ends  dipped  a  few  centimetres  below 
mercury,  the  mercury  does  not  usually  rise  in  the  vessels,  since 
the  upward  mercurial  pressure  is  generally  less  than  the  capillary 
depi^ession  of  the  mercury. 

While  it  is  easy  to  prove  generally  that  the  air  in  the  vessels  is 
at  a  negative  pressure,  the  determination  of  the  actual  value  of  this 
negative  pressure  is  a  matter  of  difficult}^!^  Further  experiments 
on  this  point  are  very  desirable. 

The  following  experiment  is  also  a  very  instructive  one,  and  it 
is  readily  performed  in  lecture.  We  cut  off  in  the  air  a  long 
branch  of  Ampelopsis,  leave  the  cut  surface  in  contact  with  the 
air  for  a  few  minutes,  and  then  place  the  branch  with  its  lower 
end  in  water.  After  twenty-four  hours  we  bend  the  shoot  into 
eosin  at  a  point  about  10  cm.  from  the  first  cut  surface,  and  sever 
it  under  the  fluid.  The  solution  rises  to  a  considei'able  height 
in  the  vessels,  fi'om  which  it  follows  that  under  the  conditions 
described,  negative  gaseous  pressure  in  the  vessels  is  after  a  time 
again  set  up  in  branches  which  have  been  cut  off  in  the  air.  This 
may  be  due  to  a  variety  of  causes.'^ 
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'  See  Wiesner,  SitzungsberichU  d*  Akad,  d,  Wiss.  zu  Wien,  1879,  Abth.  1,  Bd. 
79,  Aprilheft,  and  the  same,  Bd.  98,  p.  670.  Sea  also  Lietzmann,  Flora^  1887, 
Bd.  70,  and  Mangio,  Extrait  da  Ann.  de  la  Science  agronum.fran^.t  etc.  T.  1, 
1888. 

*  See  Sachs,  Handbuch  d.  Experimentalphysiologie  d.  PJlanzeny  1865,  p.  250. 
'  See  especially  Adler,  Inaugural-Dissertationj  Jena,  1892,  and  also  Stras- 

burger,  Hutologische  Beitrlige,  Jena,  1891,  Heft  3,  p.  510. 

*  See  Sachs,  Arbeiten  d.  botan.  In*titut4  in  Wiirzburgt  Bd.  2,  p.  324,  and  M. 
Scheit,  B.tan.  Zeinmg,  1884,  p.  180. 

^  See  Hohnel  in  Pringsheim's  JahrMcher^  Bd.  12,  p.  72. 

*  See  Pfeffer,  Handbuch  der  PJlanzenphytiologie^  Bd.  1,  p.  109,  and  von 
Hohnel,  Jahrbucher^  Bi.  12,  p.  99.  In  comparative  researches  on  negative 
pressure,  far  more  attention  must  be  paid  than  hitherto  to  the  length  and  width 
of  the  vessels,  to  possible  variations  in  the  width  of  a  vessel  at  different  points, 
to  the  capillary  resistance  of  the  vessels,  and  other  conditions.  It  would  carry 
us  too  far  to  take  all  these  matters  into  consideration  here.  See  also  especially 
Adler,  Dissertation^  Jena,  1892,  p.  42. 

7  The  conditions  relating  to  the  negative  pressure  of  air  in  the  vessels  have 
been  especially  investigated  by  von  Hohnel  (Haherlandt's  Wissenschl.praktische 
Untertuchungen  aufdem  Gebiete  des  Pjlanzenba'ies,  Bd.  2,  pp.  89  and  120),  and 
Sachs  (Arbeiten  d.  botan,  Imtituts  in  Wilrzburg,  Bd.  2,  p.  168). 


V.    THE   ABSORPTION    OP    WATER    BY   PLANTS. 

69.    Absorption  of  Water  from  the  Soil  bj  the  Boots. 

When  the  soil  is  more  or  less  moist,  the  individual  particles  of 
which  it  is  composed  are  surroanded  by  coats  of  water.  We  may 
picture  them  as  surrounding  the  elements  of  the  soil  in  concentric 
layers,  and  it  is  clear  that  the  particles  of  soil  will  retain  more 
energetically  those  molecules  of  water  in  direct  contact  with  them 
than  those  more  remote.  This  is  in  fact  the  case,  as  the  following 
expeinment  teaches.  We  grow  a  bean  plant  in  a  flower  pot  in 
good  garden  soil,  and  when  the  primordial  leaves  have  attained 
a  considerable  size,  the  plant  is  put  in  a  place  where  it  is  screened 
from  direct  sunlight  and  can  only  transpire  feebly.  From  this 
time  we  supply  no  more  water  to  the  soil,  so  that  the  plant 
gradually  withers.  When  it  has  become  very  limp,  we  take  small 
samples,  a  few  grams  in  weight,  from  parts  of  the  soil  traversed 
by  numerous  roots,  and  accurately  determine  the  quantity  of  water 
they  contain  by  drying  at  100^  C.  I  found,  in  experiments  not 
made  with  Phased  us  certainly,  but  with  Cucurbita,  that  the  humous 
garden  soil  employed,  still  contained,  after  the  plant  had  withered, 
more  than  15  per  cent,  of  water ;  and  we  thus  see  that  a  part  of 
the  water  of  the  soil  is  held  very  firmly  by  its  constituent  particles. 


INI  PHYSIOLOGY  OP  NUTRITION. 

Tht)  plants  wither  tinder  the  conditions  described,  because  the 
iHXits  U.YO  unable  to  take  np  this  firmly  retained  water  quickly 
tjuough,  and  in  snflScient  quantity,  to  cover  the  loss  by  transpira- 
tion.' 

It  is  farther  instructive  to  remove  from  the  flower-pot  small 
quantities  of  soil,  a  few  grams  in  weight,  after  the  plants  have 
withered  considerably,  and  determine  their  behaviour  when  placed 
in  air  containing  much  aqueous  vapour,  but  not  so  moist  that  dew 
will  be  deposited.  It  is  best  to  place  the  weighed  samples  of  soil 
in  small  dishes,  together  with  a  vessel  of  water  and  a  hygrometer, 
under  a  box.  The  air  in  the  box  will  obviously  be  very  rich  in 
aqueous  vapour,  and  the  mercury  in  the  dry-bulb  thermometer  of 
the  hygrometer  will  consequently  stand  only  slightly  higher  than 
that  of  the  wet-bulb  thermometer.  In  spite  of  the  large  quantity  of 
water  in  the  air  surrounding  the  samples  of  earth,  it  is  found  that 
they  do  not  condense  any  of  the  vapour,  but,  on  the  contrary,  con- 
tinue to  lose  water  by  evaporation.  We  know  that  thoroughly 
dry  earth  is  able  to  condense  vapour,  but  this  property  of  the  soil 
is  of  no  importance  for  vegetation  in  general,  since  most  plants,  as 
our  experiments  teach,  perish  when  the  soil  still  contains  so  much 
water  that  its  power  of  condensing  aqueous  vapour,  even  under 
very  favourable  conditions,  cannot  yet  be  exhibited  at  all. 


^  See  Detmer,  ia  WoUny's  Forschungen  auf  dem  Gebiete  der  Agriadturphynk, 
Bd.  1,  and  Journal  /,  Landwirthschaft^  27.  Jabrgang.  There  is  also  given  the 
literature,  and  further  features  of  the  absorption  of  water  by  roots  are  discussed. 


70.  Absorption  of  Water  by  the  Leaves. 

The  question  of  water  absorption  by  leaves  is  not  of  great 
physiological  interest,  but  still  it  may  be  here  briefly  discussed. 
In  many  leaves  (Brassica,  Zea,  Aristolochia  Sipho,  etc.)  on  dipping 
the  lamina  into  pure  water  it  appears  to  be  covered  by  a  silvery 
layer,  which  is  only  interrupted  along  the  course  of  the  stronger 
nerves.  On  removing  the  leaves  from  the  water,  we  find  that 
only  the  cuticle  over  the  nerves,  and  hairs  which  may  be  present, 
have  been  wetted.  The  cuticle  over  the  mesophyll,  owing  to  its 
more  or  less  pronounced  waxy  character,  cannot  be  wetted,  and 
hence  remains  dry  even  affcer  contact  with  the  water.  The  silvery 
lustre  referred  to  arises  from  a  layer  of  air  between  the  leaf-tissue 
and  the  water,  whereby  the  light  is  totally  reflected.    If  the  leaves 
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are  left  in  water  for  some  time,  their  surface  becomes  wet,  and 
then  also  the  silverj  lustre  disappears.^  When  the  leaves  are 
thus  left  for  a  long  time  under  water,  the  water  can  undoubtedly 
penetrate  into  the  plant  through  the  cuticle  (but  also  in  other 
ways).  If  weighed  leaves,  in  absence  of  light,  are  dipped  with  the 
blade  in  water,  while  the  cut  surface  of  the  leaf-stalk,  which  may 
suitably  be  cemented  with  was,  remains  unwetted,  it  is  in  fact 
found  that  the  leaves,  taken  after  a  time  out  of  the  water  and 
very  carefully  dried  with  blotting-paper,  now  weigh  more  than  at 
the  beginning  of  the  experiment.  Naturally,  this  can  only  take 
place  when  we  experiment  with  leaves  whose  cells  do  not  before- 
hand exhibit  their  maximum  turgescence.  I  obtained  specially 
good  results  when  I  dipped  leaf-blades  of  Coffea  arabica  or 
Syringa  vulgaris  in  water  for  a  shorter  (three  hours)  or  longer 
(twenty  hours)  time,  and  when  the  leaves  had  been  kept  in  a 
shady  place  for  two  hours  before  making  the  experiment,  so  that 
they  were  not  too  rich  in  water.* 


^  See  Sachs,  Hctndbuch  d.  Experimentalphytiologie  d.  Pflanxen,  p.  159. 
*  See  Detmer  in  Wollny's  Forschungen,  Bd.  1,  Heft  2,  and  Journal  /.  Land- 
wirthachaft,  27.  Jahrgang,  p.  105. 


71.    Some  HoYements  in  Plant  Stmctures  Belated  to  Their 

Absorption  of  Water. 

The  inner  leaves  of  the  involucre  of  Carlina  acaulis,  a  plant 
which  grows  on  dry  calcareous  soils,  show  particularly  interesting 
phenomena  due  to  absorption  of  water.  If  the  whole  inflorescence 
is  moistened,  all  the  inner  leaves  of  the  involucre  lay  themselves 
together  (see  Fig.  67) ;  drying  causes  them  to  spread  out  again  (see 
Fig.  68).  The  involucral  leaves  possess  a  silvery  white  colour, 
except  along  the  middle  of  the  underside,  where  they  are  coloured 
brown.  If  a  single  involucral  leaf  be  removed  from  the  inflores- 
cence of  Carlina,  and  this  brown  region  be  moistened  with  water, 
a  movement  immediately  takes  place,  and  the  under  side  of  the 
leaf  rapidly  becomes  convex  in  form.  We  prepare  delicate  trans- 
rei-se  sections  through  the  middle  part  of  an  involucral  leaf,  and 
note  the  following  details  of  structure.  An  epidermis  is  present 
on  the  uppar  and  lower  surfaces.  The  epidermal  cells  of  the  under 
side  are  coloured  brown.  The  bulk  of  the  tissue  enclosed  by  the 
epidermis  is  composed  of  parenchyma,  which  is  traversed  by  a  few 
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vascular  bundles.  The  parenchjma  of  the  lower  side  does  nofc 
border  directly  upon  the  epidermis,  being  separated  from  it  by 
a  layer  of  sclerenchyma,  consisting  of  about  three  layers  of  strongly 
thickened  elements  arranged  side  by  side  without  interspaces. 
This  sclerenchyma  it  is  which  causes  the  movements  described, 
since  its  constituent  elements  elongate  very  much  more  than 
those  of  the  parenchyma  when  the  leaves  are  moistened,  and  vice 
versa  shorten  much  more  when  the  leaves  are  dried.  The  move- 
ments exhibited  by  the  involucral  leaves  of  Carlina  are  not 
directly  dependent  on  the  vital  activity  of  the  cells  ;  the  leaves 
are  also  capable  of  movement  when  dry  and  dead.^ 

If  we  observe  plants  of  Carlina  in  their  natural  habitats,  we 
shall  at  once  see  that  in  damp,  rainy  weather  their  inflorescences 
are  shut,  the  involucral  leaves  having  closed  together  in  conse- 
quence of  being  wetted,  so  that  they  protect  the  flowers  against 
the  injurious  efiEects  of  the  weather.  Characteristic  movements 
due  to  absorption  of  water,  but  just  as  little  directly  associated 
with  the  life  of  the  cells  as  those  of  the  involucral  leaves  of 
Carlina,  are  to  be  observed  in  the 
beaks  of  Erodium  fruits,  and  in  the 
awns  of  Stipa.  In  Fig.  69  is  de- 
picted a  dry  mericarp  of  Erodium 
with  its  beak.  The  lower  part,  «,  of 
the  beak  is  spirally  twisted,  but  not 
the  upper  part,  «'.  We  lay  such  a 
fruit  for  a  short  time  (about  half  a 
minute)  in  water,  and  then  stick  it 
with    its    lower   end    in  loose  moist  Pia.  ee.-Erodium  fmit. 

sand,   and  cover   with    a    bell-glass. 

The  movement  which  takes  place  is  readily  seen,  and  in  the  moist 
air  it  continues  till  the  lower  part  of  the  beak  is  unwound,  and 
the  entire  beak  is  stretched  straight.  If  we  stick  a  moistened 
Erodium  fruit  into  moist  sand,  and  by  means  of  a  vertically  placed 
piece  of  wood  prevent  the  movement  of  the  beak,  which  when  dry 
is  directed  almost  horizontally,  the  induced  movement  is  trans- 
ferred to  the  fruit,  which  being  acted  on  by  a  vertical  pressure 
is  screwed  into  the  sand.  In  nature  the  fruits  of  Erodium  do 
actually  bury  themselves  in  the  ground  by  means  of  the  character- 
istic power  of  movement  of  their  beaks. 

Fig.  70  depicts  the  fruit  and  awn  of  Stipa.     In  the  dry  fruit 
the  lower  part,  e,  of  the  awn  is  spirally  wound.     The  part  k  of 
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Fig.  70.— Stipa  pennata.    Fralt  withawa.    Ti^o-tblrds  natural  sice. 

the  awn  is  included  between  two  bends,  and  carries  the 
plume  of  the  awn.  This  plume  is  directed  horizontally,  and 
if  the  fruit  is  submitted  to  the  same  conditions  as  the 
Erodiam  fruit  (see  above),  the  absorption  of  water,  by 
causing  the  twisted  part  of  the  awn  to  unwind,  makes  the 
fruit  bore  its  way  into  the  soil.  The  origin  of  these  move- 
ments in  the  fruits  of  Erodium  and  Stipa  is  to  be  sought 
in  certain  structural  characteristics  of  particular  cells  of 
the  spirally  twisted  portions  of  the  fruits. 


^  See  Detmer,  Journal  f.  Landwirthschaft,  27.  Jahrgang,  p.  110,  and  Bathay, 
Sitzungsberichte  der  Akad,  d.  Wits,  tu  H'ten,  Bd.  83. 


72.    Absorption  of  Water  by  Fmits  and  Seeds. 

It  frequently  happens  that  juicy  fruits  (stone  fruits,  berries), 
still  connected  with  the  parent  plant,  in  rainy  weather  bnrst. 
This  is  chiefly  the  result  of  the  almost  complete  cessation  under 
such  conditions  of  transpiration.  The  cells  of  the  parenchyma  of 
the  fruits  turgesce  very  strongly,  tensions  are  set  up  in  the  fruit 
tissue  (the  epidermis  in  particular  becomes  violently  stretched), 
and  finally  the  fruits  burst.  Another  factor  may  in  a  subordinate 
way  co-operate  in  bringing  about  this  result,  viz.  the  absorption 
of  water  by  the  fruits,  whereby  the  turgidity  of  the  parenchyma 
cells  is  still  further  intensified.  To  prove  that  such  absorption 
actually  takes  place,  uninjured  cherries  or  grapes  are  accurately 
weighed  and  laid  in  water  with  the  fruit-stalks  outside.  After 
four  to  eight  hours  they  are  taken  out,  carefully  dried,  and  again 
weighed.  Grenerally  it  will  be  found  that  they  have  increased  to 
a  not  inconsiderable  extent  in  weight. 

We  lay  a  few  wheat-grains  in  water.  After  about  twelve  hours 
the  process  of  soaking  will  already  be  far  advanced,  and  the 
grains  will  have  become   soft.      The  thin  skin  surrounding  the 
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wheat-grain  readily  permita  the  nater  to  peaeti-ate  into  the  inside 
of  it.  To  acquaint  ourselves  ivith  the  anatomical  stractare  of  the 
fmit-coat  and  seed-coat  ot  the  wheat,  we  make  the  sections,  which 
must  be  as  thin  as  possible,  from  grains  which  have  not  been  in 
water  too  long,  and  treat  them  before  observation  with  potash 
BolatioD.  Fnllj  soaked  grains  are  nnsnitable,  since  it  is  very 
difficalt  to  prepare  good  sections  from  them.  The  potash  causes 
the  tissues  to  swell  up,  so  that  the  details  of  structure  of  the 


no.  71.— Trltlcam  Tulgan.  A,  tnnsTsna  aection  throngh  [ba  ca&lai  rp,  epid«mila  j 
(,  ndjoming  iBjin  J  eh),  oblomph;!!  lijsr:  Uiena  nil  belong  to  Ifaa  fralMsoati  ii,  derived 
tnun  iba  inngr  InUsQinenI;  n,  the  aaWrmiiitUyer  ot  the  nucalliW;  tb«sa  tOKaUier  fgrm  the 
seed-coat  J  al,  »lBanme  gmin  Lajarof  the  emioaperm.    Mtgn.  ItO. 

B.  Tnedinin  lon^tudioal  section  tbrnagb  tha  toirer  paxt  of  a  npe  TtuiL  To  the  lelt, 
below,  the  embryo,  Willi  ic,  the  Kutfllluiiii  1',  its  lig-ula.and  w,  ita  TB«cnUc  bonillei  er,  IM 
cylindrical  apitheliDmi  e,  ahsuhlng  put  ot  Ibe  cotyledon  -,  pv,  regeUtive  cone  ot  Cbe  stem; 
kp,  hTpocMfl;!.  Itgulei  r.  rmdicls;  cp,  root-cap  of  ibe  ntdtclei  cl,  root-aheub  ;  n.  point  ol 
emarganoe  of  the  radicle,  oorresporuiing  with  the  mioropjle  of  the  otuI*;  p,  the  frutt- 
aUlk.BQdsp,  its Tiaouiar  bundle; /.Bide  wall  of  tbe  fruit.  Uftgo.  14   (Afterairasbnrger.) 

fruit-coat  and  seed-coat  become  fairly  distinct  (see  Fig.  71).  The 
frait^coat  consists  of  the  cnticularised  epidermis,  ep,  a  layer  of 
parenchyma,  e,  and  a  wide  layer  adjoining  these,  whose  elements 
are  tangeatially  elongated,  chl.  The  seed-coat  is  composed  of 
several  layers,  but  the  cellular  structure  of  the  outer  layers,  ii, 
cannot  be  properly  made  out,  and  they  present  themselves  for  the 
most  part  merely  as  brown  strips.  The  innermost  layer,  n,  of 
the  seed-coat,  which  lies  immediately  below  these  brown  stnps 
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con^ist^  of  traiUD^rent  cells.  The  seed-co^t  encloses  the  endo- 
jipemn  and  the  embrjo.  To  these  we  return  later.  It  maj  here 
be  ob^^iTTed  mereir  that  the  lajer  of  the  endosperm  immediatelj 
within  the  seed -coat  ( KlebeirzKll*^hirht )  consists  of  a  single  layer 
of  almost  qnadratic  cells — which,  thoasrh  this,  it  is  tme,  cannot 
be  made  oat  in  the  sections  treated  with  potash  sol ntion— contain 
alenrone  grains  (no  starch).  Then  come  the  more  or  less  starchy 
ti.af^nes  of  the  endosperm. 

We  prepare  transrerse  sections  of  the  seed  of  Lnpinns  Inteos. 
It  is  best  to  nse  partialis  soaked  seeds  and  investigate  the  sections 
in  water  and  potash  solution.  The  cuticle  is  fairly  well  developed, 
and  c^>vered  with  a  granular  layer  (wax).  The  epidermis  demands 
spedal  attention.  It  consists  of  long  palisade  cells,  arranged 
radially  with  respect  to  the  surface  of  the  seed.  The  walls  of 
these  cells  are  very  thick.  Groups  of  the  cells  contain  a  brown 
pigment,  which  accounts  for  the  spotted  appearance  of  the  seeds. 
Below  the  epidermis  we  observe  a  single  layer  of  columnar  cells, 
with  very  wide  intercellular  spaces  between  them,  and  arranged 
at  right  angles  to  the  surface  of  the  seed.  Then  follow  several 
layers  of  tangentially  elongated  cells,  which  swell  up  considerably 
when  treated  with  potash.  Adjoining  these  are  the  much  com- 
pressed remains'  of  the  endosperm,  and  finally  we  come  to  the 
tissue  of  the  cotyledons. 

If  a  number  of  Lupin  us  seeds,  say  100,  are  thrown  into  water, 
and  left  there  for  a  good  time,  e.g.  twenty-four  hours,  or  even  eight 
to  fourteen  days,  we  shall  find  that  by  no  means  all  of  them  have 
absorbed  water.  This  resistance  to  the  influence  of  water,  which 
is  of  great  biological  significance,  is  characteristic  of  many  other 
kinds  of  seeds  besides  those  of  Lupinns,  and  in  the  case  before  us 
is  due  to  the  fact  that  the  cells  of  the  perfectly  intact  palisade 
layer  of  the  seed-coat,  owing  to  special  peculiarities  of  their 
membranes,  are  only  with  great  diflSculty  penetrated  by  water. 
If  we  injure  the  palisade  layer  of  a  lapin  seed,  it  always  soaks 
readily  when  placed  in  contact  with  water.* 

The  Heeds  of  Pisum  sativum  are  among  those  that  soak  readily, 
a«  we  can  satisfy  ourselves  by  putting  them  in  water.  The  testa 
of  the  Pisum  seed  in  many  ways  resembles  in  its  structure  that  of 
TiUpinufi.  We  peel  the  seed-coats  from  soaked  seeds,  fold  them 
up,  and  prepai'e  delicate  transverse  sections,  which  we  examine  in 
caustic  potash.  Here  also  the  palisade  layer  is  followed  by  a 
columnar  layer.     Then  comes  a  many-layered  parenchyma,  the 
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cells  of  which  are  tangentially  elongated,  and  lastly  the  remains 
of  the  compressed  endosperm. 

The  soaking  of  most  seeds  is  effected  by  imbibition  and 
osmosis.  Tn  some  cases,  e.g.  the  seeds  of  Linam  usitatissimam, 
the  process  is  accelerated  by  the  formation  in  contact  with  water 
of  a  macilage,  which  very  energetically  attracts  and  retains  the 
water.  In  fact,  each  Linum  seed  at  once  surrounds  itself,  when 
broaght  into  contact  with  water,  with  a  sheath  of  macilage.  We 
prepare  very  delicate  transverse  sections  of  dry  Linam  seeds,  and 
moant  them  in  alcohol.  Now,  observing  the  result,  we  run  in 
water  from  the  edge  of  the  cover-glass.  At  the  moment  when 
the  water  reaches  the  section,  the  epidermal  cells  of  the  seed- 
coat  swell  up  very  strongly,  and  exhibit  the  mucilage  present  as 
thickening  layers  in  their  outer  walls,  the  cell-walls  remaining 
intact.  These  epidermal  cells,  as  we  now  easily  see,  are  arranged 
perpendicularly  to  the  outer  surface  of  the  seed.  We  will  not 
here  consider  further  the  complicated  structure  of  the  seed-coat 
of  Linum. 

If  we  examine  a  dry  Phaseolus  seed,  and  place  it  so  that  the 
hilnm,  which  appears  as  a  white  strip,  is  directed  towards  the 
observer,  we  find  at  one  side  of  the  strip  a  small  hole,  the 
micropyle,  which  lies  immediately  over  the  tip  of  the  root  of  the 
embryo.  At  the  opposite  end  of  the  hilum  we  see  two  small 
swellings  {Doppeltuberkeln),  separated  by  a  shallow  commissure. 
These,  with  the  hilum  and  the  micropyle,  form  the  hilary  apparatus 
of  the  seed.  The  micropyle  plays  a  particularly  important  r61e  in 
the  absorption  of  water  by  bean- seeds,  as  the  following  experi- 
ment shows.  One  Phaseolus  seed,  a,  is  completely  immersed  in 
water.  A  second  seed,  h,  as  nearly  as  possible  equal  to  a  in 
weight,  is  fixed  in  a  suitable  manner  on  a  needle,  and  placed  in 
water  in  such  a  way  that  the  hilary  apparatus  is  not  wetted.  If 
we  weigh  after  a  few  hours,  it  will  be  found  that  a  has  taken 
up  a  comparatively  large  quantity  of  water,  while  h  has  ab- 
sorbed but  little.  2 


^  See  Detmer,  Journal/.  Landwirthsehaftj  27.  Jahrgang,  p.  119. 

'  On  the  struoiure  of  seed-ooats,  see  especially  Sempolowski's  Dissertation, 
Leiptic,  1874.  There  also  the  most  important  literature  is  given.  See  also 
Mattirola  and  Bascalioni,  Memorie  della  R.  Accademia  delle  Scienze  di  Torino, 
Serie  II.,  T.  zlii. 
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73.  Further  Ezperimenta  on  the  AbsorptiaiL  of  Water  by  Seedi. 
The  qaantity  of  water  which  has  been  absorbed  by  different 
kinds  of  seeds,  when  folly  soaked,  is  by  no  means  the  same.  The 
capacity  for  absorbing  water  is  therefore  different  in  different 
kinda  of  seeds.  We  determine  the  weight  of  a  few  air-dry  wheiit- 
grains  and  peas,  and  then  pat  them  in  water  for  twenty-fonr  honrs. 
At  the  end  of  this  time  we  dry  the  seeds  well,  and  again  determioe 
their  weight;  then  retnm  them  to  the  water  and  once  more 
weigh  after  six  hoars.  Further  weighings  may  need  to  be  nisde, 
hut  at  all  events  it  will  be  foand 
that,  when  the  weight  of  the  seeda 
has  become  fairly  constant,  the 
peas  contain  more  water  when 
fully  soaked  than  the  wheat- 
grains.  Peas  take  up  about  100 
per  cent,  of  their  weight  of  water, 
wheat  grains  only  40  to  60  per 
cent. 

In  many  oases  (e.g.  beans,  peas) 
investigation  at  once  proves  that 
the  volume  of  the  seeds,  when 
they  have  been  soaked,  is  much 
greater  than  when  they  are  air- 
dry.  But  the  question  also  arises 
whether  the  total  .volume  of  seeds 
and  water  is  changed  in  the  pro- 
cess of  soaking.  The  following 
exppriment  may  he  made  to  answer 
this  question.  We  use  the  ap- 
paratus drawn  in  Fig.  ?2.  In  a 
flask  of  about  600  c.c.  capacity  wo 
place  300  gr.  of  peas  (I  used  white 
Giant  peas),  the  flask  is  then 
completely  filled  with  water  and 
immediately  fitted  with  a  two- 
holed  rubber  stopper.  Through 
one  hole  passes  a  thermometer, 
» of«*«oiT«™ or' ftMo'^^ '"''  through  the  other  a  straight  glass 
tube  0*5  cm.  in  diameter.  The 
I  of  the  water  in  the  latter  may  easily  be  determined  at 
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the  commencement  of  the  experiment,  and  subsequently  at  in- 
tervals of  five  minutes  by  means  of  a  millimetre  scale.  We  ob- 
serve that  for  some  time  the  water  rises  higher  and  higher.  This 
goes  on  for  three-quarters  of  an  hour,  or  sometimes  even  for  an 
hour  and  a  half.  Then  the  water  sinks  for  a  shoH  time,  or 
under  some  conditions  even  for  a  few  hours,  finally  again 
rising.  In  exact  investigations  the  influence  of  temperature  on 
the  position  of  the  water  must  be  taken  into  consideration. 

If  seeds  are  placed  in  contact  with  water,  and  imbibition  takes 
place,  the  water  entering  the  seeds  must  suffer  condensation. 
Such  a  process  would,  however,  lead  to  a  diminution  of  the 
aggregate  volume  of  seeds  and  water.  Of  this,  however,  nothing 
ia  to  be  seen  in  our  experiment.  On  the  contrary,  at  the  com- 
mencement of  the  experiment,  the  water  rapidly  rises  in  the  tube, 
clearly  indicating  an  increase  in  the  aggregate  volume  of  the 
seeds  and  soaking  fluid.  The  causes  underlying  this  are  therefore 
at  all  events  preponderating  in  their  effect  on  the  position  of  the 
water,  and  they  are  to  be  sought  in  a  folding  of  the  testa,  which 
takes  place  in  the  first  stage  of  the  soaking.  The  testa  raises 
itself  from  the  cotyledons  of  the  seed,  and  between  the  cotyledons 
and  the  seed-coat  are  formed  cavities  filled  with  rarefied  air,  so 
that  the  aggregate  volume  of  the  seeds  and  the  water  must 
necessarily  be  increased.  If,  in  fact,  we  employ  peas  whose  testa 
we  have  injured,  the  ascent  of  the  water  in  the  tube,  as  I  have 
found,  does  not  take  place  during  the  whole  of  the  first  period  of 
the  experiment. 

During  the  second  period  of  the  experiment  the  water  sinks  in 
the  tube,  indicating  a  decrease  in  the  total  volume  of  the  seeds 
and  water,  and  this  must  be  referred  to  the  penetration  of  water 
into  cavities  of  the  seeds.  I  do  not  here  proceed  to  consider  the 
causes  leading  to  the  renewed  rise  of  water  in  the  tube  during  the 
third  period  of  the  experiment.  As  to  this,  and  also  as  to  the 
behaviour  of  other  seeds  in  this  respect,  my  work  cited  below  is 
to  be  consulted.^ 


*  See  Detmer,  VergUichende  Phytiologie  det  Keimunosproceisei  der  Sanieri^ 
Jena,  1880,  p.  71.  and  Mattirola's  work  cited  below.  See  also  Botan.  Central' 
hlatt,  1892,  Bd.  52,  p.  155. 
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74.    Absorption  of  Water  by  Mosses. 

Mosses  possess  not  true  roots,  but  rhizoids.  To  acquaint  oar- 
selves  accurately  with  these  organs  we  select  Bryum  caespiticiam, 
a  moss  which  is  frequently  met  with  on  moors.  Soil  clinging  to 
the  plants  is  removed  as  completely  as  possible  by  means  of  a 
stream  of  water.  The  lower  part  of  the  stem  is  cut  off,  trans- 
ferred to  a  slide,  and  examined.  It  is  seen  to  give  off  long, 
multicellular,  very  thick,  brown-coloured  threads,  which  possess 
numerous  fine  bi*anches,  and  are  only  colourless  at  their  ends. 
The  partition  walls  between  the  cells  are  seen  to  be  placed 
obliquely.  The  rhizoids,  with  which  we  have  here  to  do,  have  as 
their  special  function  the  task  of  fixing  the  plant  in  the  soil.  As 
organs  for  absorbing  water,  they  possess,  at  least  in  many  mosses, 
only  a  subordinate  importance. 

If  a  moist  sod  of  Hylocomium  triquetmm  is  placed  in  a  flat 
dish  containing  water,  the  upper  parts  of  the  plants  soon  dry  up. 
This  shows  that  no  energetic  and  adequate  conduction  of  water 
takes  place  in  the  interior  of  mosses,  such  as  occurs  in  the  higher 
plants.  If,  however,  we  closely  observe  the  clump  of  Hylocomium 
lying  in  water  when  the  summits  of  the  plants  are  dry,  we  find 
that  all  the  stems  are  moist  for  a  fairly  long  distance  above  the 
surface  of  the  water.  Water  is  therefore  raised  by  the  plants  to 
a  certain  height,  and  this  takes  place  by  capillary  attraction.  The 
water  I'ises  to  that  level  in  the  narrow  spaces  present  between  the 
stems  and  their  closely  applied  leaves  ;  but  obviously  those  parts  of 
the  plants  which  cannot  be  reached  by  this  external  water  supply 
must  dry  up.  If  a  vigorous  shoot  of  Hylocomium  triqnetrum  is 
well  dried  between  blotting-paper,  and  is  then  dipped  with  its 
base  or  apex  in  a  solution  of  an  aniline  pigment  (1  used  aqueous 
solution  of  methyl  violet),  we  readily  see  that  the  water  rises  to 
some  height  by  capillary  attraction.  If  clumps  of  Hylocomium 
or  Hypnum,  freed  from  adherent  soil,  are  weighed  when  in  the 
air-dry  condition,  immersed  in  water  for  say  ten  minutes,  laid  on 
a  sloping  glass  plate,  so  that  the  excess  of  water  may  drain  off, 
and  then  again  weighed,  it  is  found  that  they  have  been  able  to 
take  up  many  times  their  weight  of  water.  This  gives  us  an  idea 
what  large  quantities  of  water  may  be  retained  by  capillarity  by 
the  mosses  in  a  forest ;  and,  in  fact,  mosses  play  an  important 
part  in  many  regions  in  regulating  the  hygrometric  conditions. 
If  we  examine  transverse  sections  of  the  stem  of  Hylocomium 
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iriquetruni,  we  find  that  the  entire  tissue  consi&t»  ol  cells,  whose 
ivalls  are  yellowish-brown  in  colour  and  strongly  thickened.  The 
amina  of  the  peripheral  and  of  a  few  central  elements  (which  last 
suggest  a  central  bundle)  are  much  narrower  than  those  of  the^ 
3ther  cells.  In  mosses  which  have  no  central  strand,  or  only  a* 
feebly  developed  one,  composed,  as  is  known,  of  cells  much  elon'> 
^ted  longitudinally,  practically  only  the  eicternal  conduction  of 
wat«r  through  capillarity  has  to  be  taken  into  account.  On  the 
dther  hand,  a  well-developed  central  strand  appears  to  offer  the 
possibility  of  vigorous  internal  conduction  of  water,  and  experi- 
ments made  with  Polytrichnm  confirm  this.  A  well-developed 
:;entral  strand  is  in  fact  present  in  the  stem  of  Polytrichnm,  as  we 
may  easily  ascertain  by  microscopic  examination  of  delicate  trans- 
verse sections,  and  on  placing  a  few  stems  of  Polytrichnm  formo- 
9um  close  together,  with  their  lower  ends  in  water,  I  found  that 
even  the  upper  leaves  of  the  plant  remained  fresh.  In  this  condi- 
tion the  Polytrichnm  leaves  stand  off  from  the  stem,  while  in* 
drying  they  apply  themselves  closely  to  it. 

Particular  interest  also  attaches  to  the  manner  in  which  Sphag- 
nums  take  up  water  from  the  outside  and  retain  it.  It  will  here 
be  sufficient  to  indicate  briefly  the  structure  of  the  leaves  of  these 
plants.  We  select  for  microscopic  examination  Sphagnum  acuti- 
folium,  the  green,  reddish,  or  intensely  red  sods-  of  which  are  easily 
fonnd.  The  mature  leaf  consists  of  chlorophyll-containing  cells,, 
which  are  united  together  to  form  a  network,  and  of  colourless 
cells,  no  longer  living  and  containing  water  or  air,  which  lie 
between  the  green  cells  and  have  membranes  thickened  in  an 
annular  or  spiral  manner,  and  pierced  with  holes.  Through  these 
holes  water  easily  passes  into  the  cells  from  the  outside,  and.  is 
retained  by  them,  so  that  a  sod  of  Sphagnum  can  take  up  large 
quantities  of  water,  acting  indeed  like  a  sponge.^ 

'  On  the  absorption  of   water  by  Mosses^  see  Oitmaxms,  Stratburger  In* 
augural'DusertatiOTif  1884. 


VI.    MOVEMENT    OP   WATER   IN   PLANTS. 

75.    Root  Pressure. 

If  it  is  desired  to  prove  that  by  osmosis  and  turgidity  forces  can 
be  set  up  in  the  eell»,  which  are  able  to  drive  the  cell-sap  through 
the  membranes  of  the  cells,  and  e.g.  into  the  vessels,  it  will  be 
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convenient  to  direct  our  attention  first  to  the  phenomena  resulting 
from  ix)ot  pressure.  Vigoix>as  pot  plants  of  Oucnrbita,  Helianthos, 
Ricinns  or  Begonia,  or  willow  cuttings  well  rooted  in  flower  pots, 
are  decapitated,  i.e.  the  stem  of  the  plant  is  cut  through  at  a 
point  a  few  centimetres  above  the  soil.  In  winter  we  maj  also 
experiment  with  pot  plants  of  Sanchezia  nobilis  (belonging  to  the 
Acanthaceas).*     Over  the  stump  projecting  from  the  soil  is  now 


Fio.  73.— Appara- 
taa  for  experiments 
on  root  presBnre. 


Fig.  74.  —  Apparatus  for  experi- 
ments on  root  pressure.  (After 
Pfeffer.) 


Fio.  76.  —  Apparatus 
for  researches  on  root 
pressure.  (After  Pfeffer.) 


slipped  a  short  rubber  tube  (Fig.  73),  A-,  which  serves  to  connect 
it  with  a  glass  tube,  st.  In  order  to  make  the  connections  air- 
tight, the  rubber  tubing  is  bound  over  the  stem-stump  and  over 
the  glass  tube  with  thread,  or  better  with  elastic.  Just  above  the 
connection  tubing  the  glass  tube  is  provided  with  a  mark,  w,  easily 
made  with  a  three-cornered  file.  On  filling  the  tube  up  to  the 
mark  with  water,  we  shall  observe,  if  the  plant  had  not  been 
transpiring  too  strongly  before  the  commencement  of  the  experi- 

♦  This  plant,  which  serves  exceedingly  well,  can  be  readily  propagated  by 
cuttings.  I  found  that  a  plant  investigated  in  January  gave  sap  for  fourteen 
days. 
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nt,  and  if  the  soil  in  which  it  is  root-ed  contains  plantj  of  water, 
Lt  the  level  of  the  flnid  in  the  tube  soon  rises.  To  demonstrate 
)  outflow  of  sap  from  the  stem-stump,  we  may  also  use  the 
paratus  indicated  in  Fig.  74.  On  the  stump  s  of  the  decapitated 
mt  is  fixed,  by  means  of  a  short  piece  of  rubber  tubing,  a 
shaped  glass  tube,  t.  In  order  to  make  the  connection  abso- 
elj  air-tight,  the  tubing  must,  if  necessary,  be  bound  with  wire, 
many  cases  one  is  obliged  to  employ  a  narrow  T-tube.  The 
rtical  limb  of  the  T-tnbe  is  closed  at  the  top  with  a  cork, 
rough  which  passes  a  glass  tube  provided  with  a  glass  stop- 
:k.  The  horizontal  limb  is  connected  up  with  the  outflow  tube 
ivhich  dips  down  through  a  loosely  fitting  cork,  a,  into  a  gradu- 
>d  measuring  cylinder,  6.  The  T-tube  and  the  outflow  tube 
ist  at  the  commencement  of  the  experiment  be  filled  with  water. 
To  determine  the  pressure  exerted  by  the  sap  flowing  from  the 
tm-stump,  the  outflow  tube  is  replaced  by  a  manometer  contain- 
r  mercury,  as  indicated  in  Fig.  75.  Water  is  poured  into  the 
tube,  which  is  then  closed  with  a  cork,  provided  with  a  short 
be,  g,  drawn  out  to  a  capillary  point.  The  end  of  the  capillary 
ist  be  fused  up,  so  that  no  air  is  left  in  the  apparatus. 
Proceeding  in  the  manner  described,  we  find  that  in  many  plants 
3  sap  only  flows  for  a  few  days.  I  have,  however,  often  observed 
at  the  flow  may  continue  for  more  than  a  week.  If  plants  are 
capitated,  and  we  observe  their  behaviour  without  further  pro- 
ration, we  shall  find  that  the  sap  escapes  from  the  wood,  and 
socially  from  the  vessels. 

76.    The  Flow  of  Sap  from  Ii^jared  Trees  Orowing  in 

the  Open^ 

In  March  or  early  in  April  we  make  a  boring  in  the  trunk  of  a 
.11  leafless  birch  tree,  reaching  to  about  the  middla  of  the  trunk. 
.  my  experiments  holes  7  mm.  wide  were  made  at  a  height  of 
out  40  cm.  above  the  ground,  where  the  trees  were  about  40  cm. 
circumfei'cnce.  One  limb  of  a  glass  tube  bent  at  right  angles 
cemented  air-tight  into  the  boring,  while  the  other  limb  passes 
to  a  flask  standing  on  the  ground.  Under  some  conditions  a  con- 
lerable  quantity  of  fluid  at  once  flows  from  the  tree,  but  in  any 
se  it  is  very  instructive  to  watch  the  behaviour  of  the  plants  for 
veral  weeks.  Addition  of  water  to  the  soil  by  rain  favours  the 
itflow  of  the  sap ;  in  the  daytime  it  is  usually  less  than  during 
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the  night ;  or  it  may  be  entirely  absent  daring  the  day,  only  taking 
place  at  night.  This  is  dne  to  the  fact  that  daring  the  day  the 
sap  driven  into  the  stem  by  the  roots  goes  to  cover  the  loss  by 
transpiration,  while  at  night-time  at  least  a  portion  of  the  sap 
can  escape,  since  now  the  evaporation  of  water,  as  the  result  of 
external  conditions,  is  nsaally  mach  reduced.  As  the  season 
advances  and  the  leaves  of  the  birch  unfold,  the  outflow  of  sap 
completely  ceases.  The  transpiration  of  the  tree  has  now  become 
very  considerable. 

The  observations  on  the  flow  of  the  sap  from  the  birch  are  to  be 
associated  with  meteorological  observations,  in  order  that  we  may 
be  enabled  to  follow  closely  its  dependence  on  external  conditions. 
We  note  the  character  of  the  clouds,  the  height  of  the  barometer, 
and  observe  the  rainfall,  the  hygrometric  condition  of  the  air,  and 
the  temperature  of  the  air  and  of  the  soil.  The  necessary  appara- 
tus— rain  gauge,  maximum  and  minimum  thermometers,  hygro- 
meter (e.g,  the  well-known  wet  and  dry  bulb  hygrometer  of 
August) — can  all  be  obtained  of  Muencke  in  Berlin.  To  determine 
the  hygrometric  condition  of  the  air  from  the  readings  of  the 
August  hygrometer,  we  employ  the  tables  of  Jelinek,  Vienna, 
1876. 

If  we  evaporate  birch  sap  we  obtain  a  residue  composed  of 
organic  and  mineral  substances.  We  can  easily  ascertain  the 
presence  of  the  latter  by  evaporating  the  sap  to  dryness  in  a  plati- 
num dish,  and  igniting  the  residue  to  decompose  the  oi'ganic  sub- 
stances. The  mineral  substances  remain  behind.  Fresh  birch  sap 
is  slightly  acid  in  reaction.  On  boiling  it,  a  coagulum  of  proteid 
material  separates  out.  If  we  treat  a  small  quantity  of  the  sap 
with  a  few  drops  of  Sulphuric  acid,  and  then  boil,  replacing  the 
water  lost  by  evaporation,  we  obtain  a  fluid  which,  when  added  to 
hot  Fehling's  solution,  gives  a  precipitate  of  Cuprous  oxide.  The 
crude  sap  contains,  viz.,  cane-sugar,  which,  by  boiling  in  presence 
of  Sulphuric  acid,  is  converted  into  grape-sugar,  and  this  exerts  a 
reducing  action. 

77.    Tlie  Influence  of  External  Conditions  on  the  Flow  of  Sap 

from  Decapitated  Plants. 

We  decapitate  vigorous  pot  plants  of  Cucurbita,  Helianthus, 
Bicinus,  or  Begonia,  and  fit  the  stump  of  the  stem  with  a  tube  as 
in  Fig.  73.     The  soil  in  the  flower  pots  must  not  be  too  moist, 
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i  thermometer  is  introduced  into  the  soil,  which  is  then  covered 
^ith  tinfoil,  as  also  is  the  portion  of  the  stem  rising  above  ground. 
The  pots  are  now  placed  in  a  room  kept  at  a  very  constant  tem- 
)erature,  or  are  introduced  into  a  thermostat.  When  the  soil  in 
he  flower  pots  has  assumed  the  temperature  of  its  surroundings, 
;he  observation  begins.  We  note  the  flow  of  sap,  say,  per  hour. 
kiier  several  hours,  the  soil  in  which  the  plants  are  rooted  is  well 
vatered,  and  when  the  temperature  has  adjusted  itself  again,  the 
letermi nations  of  the  flow  of  sap  are  continued.  Owing  to  the 
bbundance  of  water  in  the  soil,  the  outflow  is  now  found  to  be 
nuch  more  considerable  than  before.  It  must  not  be  forgotten,  in 
his  and  the  following  experiments,  that  the  flow  of  sap  in  many 
>lant8  exhibits  periodic  variations,  independent  of  external  condi- 
tions (see  78). 

The  same  objects  may  also  be  used  to  prove  that  conditions  of 
^mperature  have  an  important  influence  on  the  outflow  of  sap. 
The  soil  in  which  the  plants  are  rooted  is  well  watered  at  the 
commencement  of  the  experiment,  and  then  from  time  to  time  the 
:emperatnre  in  the  thermostat  is  altered,  and  in  each  case,  after 
idjustment  of  temperature  (l.e,  when  the  soil  has  assumed  the 
temperature  of  its  surroundings)  the  observations  on  the  flow  of 
»p  are  resumed.  At  16°  C.  more  fluid  flows  out  in  the  unit  time 
'e.g.  in  an  hour)  than  at  12°  C.  At  20°  C.  the  outflow  of  sap  is 
more  considerable  than  at  16°  C.  I  find  that  the  optimum  tem- 
3erature  in  Cucurbita  Melopepo  is  about  26°  C.  Still  higher 
temperatures  retard  the  flow  of  the  sap,  and  at  a  temperature  of 
i3P  C.  it  entirely  ceases.^ 

It  is  frequently  necessary — as,  for  example,  in  the  experiments 
97hich  we  have  just  been  considering — to  expose  objects  for  a  long 
period  to  a  constant  temperature.  We  will  now  describe  the 
methods  and  apparatus  to  be  employed  for  the  purpose. 

First  as  regards  the  thermometers,  these  are  to  be  obtained  in  a 
^reat  variety  of  forms  and  sizes,  and  variously  graduated,  from 
the  Firms  named  in  the  Appendix.  If  we  require  several  thermo- 
meters for  the  same  experiment,  they  must  be  accurately  com- 
pared. In  special  cases,  e.g.  in  experiments  with  the  auxanometer, 
it  is  of  advantage  to  employ  a  registering  thermometer. 

When  working  with  registering  apparatus,  or  with  large  plants 
which  cannot  be  introduced  into  a  thermostat,  we  must  take  pains 
to  keep  the  temperature  of  the  laboratory  as  constant  as  possible. 
For    small   rooms   the    so-called  American   stoves,   heated   with 
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anthracite  coal,  ai'e  very  suitable,  while  for  larger  roomB  (aboTe 
150  cubic  metres  in  capacity)  the  larger  forms  of  Heidinger 
stoves  are  to  be  recommended,  PfefFer^  ofiiog  such  stoves  snc- 
ceeded  in  keeping  the  variations  of  temperature,  at  table  height 
and  at  some  distance  from  the  window,  within  ±  O'^'IS  C.  for  days 
and  week  a. 

To  expose  plants  for  a  considerable  time  to  a  temperature  of 

0°  C,  we  employ  the  ice-chest  described  in  49.      Places  of  very 

constant  low  temperature,  above  0"  C,  are  deeply  situated  cellars, 

ice-cellars,     and     even     rooms 

facing  the  north  in  a  building 

with  thick  walls. 

Good  thermostats  are  of  very 
special  importance  in  many 
physiological  researches,  e.g.  in 
many  experiments  relating  to 
lOot  pressure.  They  are  to  be 
obtained,  e.g.,  from  Dr.  H. 
Rohrbeck,  Berlin.  (See  Ap- 
pendix.) No.  114  in  Rohrbeck's 
1891-2  price  list  is  Tery  good ; 
price  according  to  size,  50-200 
mks.  A  simpler,  bnt  still  very 
serviceable  thermostat  is  No. 
129 ;  price  according  to  size, 
2U-30  mks.  This  therrooetat  is 
double  walled,  provided  with  a 
water-level  gange  and  tap,  and 
mounted  on  a  tripod ;  it  has  a 
glass  cover,  which  may  be  i*- 
placed  by  a  bell-glass,  and  is 
complet«ly  lined  with  felt.  It 
is  best  to  have  it  provided 
with  a  ventilating  arrangement. 
The  apparatns  is  represented 
in  Fig.  76.  Gas  pressure 
regnlators,  gas-burners,  —  e.g. 
the  convenient  micro-bnmer 
for  very  small  flames — and  thermo-regulatora  are  also  to  be  ob- 
tained from  Rohrbeck.  No.  149  is  a  regulator  which,  filled  and 
test«d,  costs  19  mks.     The  head  of  this  efficient  regulator  is  made 
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of  metal.  In  it  slides  a  tube  (snpplj  tnbe),  which  is  put  in  con- 
nection  with  the  gas  supply.  The  regnlator  is  placed  in  the  water 
space  of  the  thermostat.  In  many  cases,  however,  it  is  advisable 
to  let  the  regulator  project  into  the  interior  of  the  thermostat. 
For  temperatures  up  to  40°  C.  it  is  filled  with  mercury  and 
ether;  for  temperatures  from  40^-70^  C,  with  mercury  and 
alcohol. 

In  heating  up  the  thermostat,  we  poll  the  supply  tube  as  far  as 
possible  out  of  the  regulator.  As  the  temperature  rises,  the  ether 
or  alcohol  vapour  raises  the  mercury  in  the  regulator,  and  when 
the  desired  temperature  is  reached,  the  supply  tube  is  pushed  in 
till  the  triangular  opening  at  its  lower  end  is  just  covered  by  the 
mercury.  The  extinction  of  the  flame  is  prevented  by  the  pre- 
sence in  the  supply  tube  of  a  fine  opening,  th]X)ugh  which  gas  can 
still  pass  to  the  burner. 

The  variations  in  atmospheric  pressure,  whose  magnitude  can 
easily  be  determined  by  means  of  a  barometer,  are  not  without 
influence  on  the  action  of  the  regulator.  Account  must  be  taken 
of  this  in  using  the  regulator,  if  it  is  desired  to  keep  the  tempera- 
ture in  the  apparatus  constant  to  a  fraction  of  a  degree  Centigrade. 
This  is  done  in  the  manner  described  by  Rohrbeck  in  a  short 
paper,  which  if  desired  can  be  obtained  from  him  with  the  I'egu- 
lator. 

In  cases  in  which  it  is  only  required  to  keep  the  temperature 
for  some  time  approximately  constant,  we  may  also  conveniently 
employ  the  following  apparatus,  which  moreover,  in  absence  of  a 
hothouse,  serves  well  in  winter,  especially  in  cold  weather,  for 
rapidly  developing  seedlings,  etc.  The  thermostat,  which  rests  on 
a  firm  stand,  consists  of  a  large  double- walled  box  made  of  strong 
sheet  zinc.  The  box  is  about .60  cm.  deep,  and  the  same  in  length 
and  breadth.  The  space  between  the  double  walls  of  the  appara- 
tus may  be  3  or  4  cm.  This  is  filled  with  water,  which  we  admit 
through  an  opening  in  the  upper  part  of  the  box,  while  in  the 
lower  part  of  it  there  is  a  tap,  from  which  to  run  ofE  the  water 
w^hen  necessary.  Through  an  opening  in  the  double-w ailed  cover 
of  the  box  passes  a  thermometer.  It  remains  to  be  mentioned, 
that  the  front  of  the  box  consists  of  a  double  door.  The 
apparatus  is  heated  by  means  of  a  gas  flame  placed  beneath 
it. 

Thermostats  should  naturally  be  placed,  if  at  all  possible,  in 
rooms   as  little  as  possible    subject    to  changes  of   temperature. 
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In  sammer  we  select  rooms  with  a  north  aspect,  in  winter  rooms 
which  can  be  heated  with  good  stoves. 


'  See  Detmer,  Beitrdge  zur  TheorU  des  Wurzeldruek$,  Jena,  1877,  p.  30.     See 
also  Wieler,  in  Cohn's  Beitrdge  zur  Biologie  der  Pflanzen,  Bd.  6,  Pt.  1. 
^  See  Pfefifer,  Zeitschri/t  /.  wissenachl,  Mihroskopie^  Bd.  7,  p.  449. 


78.  Periodicity  of  the  Boot  Fressure. 

We  decapitate  pot  plants  of  Cncnrbita  Melopepo  about  two 
months  old,  or  plants  of  Heiianthns  tnberosus  *  abont  the  same 
age,  raised  from  tabers,  or  suitable  examples  of  Prunns  Laaro* 
cerasns.  We  fit  np  the  stem-stnmps  with  a  simple  tube  or  other- 
wise, as  described  in  75,  cover  the  soil  in  the  flower  pots  with 
tin-foil,  to  prevent  excessive  loss  of  water,  introduce  a  thermo- 
meter into  the  soil,  and  place  the  preparations  in  a  room  kept  as 
nearly  as  possible  at  a  constant  temperature,  or  transfer  them  to 
a  thermostat.  If  we  now  determine  the  quantity  of  sap  escaping 
during  unit  time  {e,g,  every  hour  or  every  two  hours)  at  different 
times  of  the  day,  we  find  that  the  plants,  notwithstanding  the 
constancy  of  the  external  conditions,  do  not  always  yield  the  same 
quantity  of  fluid.  The  flow  of  sap  in  Gucurbita  and  Helianthas 
is  most  active  shortly  after  midday,  whilst  in  Prunns  Laurocerasns, 
according  to  my  observations,  the  maximum  outflow  does  not  take 
place  till  towards  evening.  During  the  night  the  flow  diminishes. 
It  reaches  its  minimum  in  the  early  hours  of  the  morning,  and 
then  begins  to  rise  again.  If  we  have  connected  the  st'em-stumps 
with  a  simple  tube,  as  in  Fig.  7^,  we  must  naturally,  after  each 
observation,  remove  any  fluid  above  the  mark.  This  is  con- 
veniently effected  by  means  of  a  thin  glass  tube.  The  length  of 
the  column  of  water  from  the  mark  to  the  surface  of  the  fluid, 
expressed  in  millimetres,  will  serve  as  a  mea&ure  of  the  quantity 
of  sap  escaping.  Comparatively  young  plants  do  not,  as  far  as 
investigations  extend,  exhibit  the  phenomenon  of  periodicity  in 
the  flow  of  sap.  For  example,  in  plants  of  Gucurbita  Melopepo 
one  month  old,  the  periodicity  has  not  yet  developed.^  It  is  ob- 
vious that  in  all  experiments  special  attention  must  be  paid  to 
keeping  the  temperature  as  constant  as  possible. 

*  The  experiments  with  Cacnrbita,  Helianthas,  and  many  other  plants,  may 
be  carried  out  in  the  summer.  The  plants  must  have  been  cultivated  in  a 
sunny  place  in  the  open,  or  in  the  cold-house. 
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In  detailed  researches  conceroing  the  periodicity  of  root  pres« 
sure,  it  is  advisable  to  employ  an  arrangement  for  registering  the 
outflow  of  sap  on  the  principle  indicated  by  Baranetzky  (Abhandl. 
d,  Naturf,  OeseUschaft  zu  Halle^  1873).  The  apparatus,  with  thirty- 
six  glass  tubes  for  collecting  the  sap,  is  to  be  obtained  from 
Albrecht  in  Tiibingen,  at  a  price  of  100  marks. 


^  For  the  literature,  see  Detmer,  Lehrbuch  der  Pjiarizenpliysiologie,  1883,  p. 
122,  and  Wieler*8  treatise  dted  in  77. 


79.    The  Causes  of  Boot  Pressnre  and  Belated  Phenomena. 

A  glass  tube  about  80  mm.  long  and  40  mm.  in  diameter  (see 
Fig,  77)  is  covered  at  one  end  with  a  well- washed  pig*s  bladder, 
then  completely  filled  with  a  concentrated  solution  of  cane-sugar, 
and  closed  at  the  upper 
end  with  vegetable 
parchment.  The  tube 
passes  so  far  through 
the  large  cork  K 
closing  the  vessel  Ql, 
that  its  lower  end  dips 
into  the  distilled  water 
contained  in  the  vessel. 
Over  the  upper,  parch-  F 
ment-covered  end  of 
the  glass  tube  is  bound 
a  rubber  cap,  Kk,  which 
runs  out  into  a  rubber 
tube,  and  into  this  is 
introduced    the    twice 

bent  glass  tube.  Or,  Fi®*  77.— Apparatus;  for  illaatrating  the  processes 
ixri.  ^1.  X         leading  to  root  pressure. 

When     the    apparatus 

has  been  put  together,  its  action  at  once  begins.  Water  pene- 
trates osmotically  into  the  tube,  closed  with  membrane  at  both 
ends  (artificial  cell),  a  pressure  is  set  up  in  it,  since  the  quantity 
of  water  entering  is  greater  than  the  quantity  of  sugar  solution 
passing  out,  and  this  pressure  is  after  a  time  great  enough  to  over- 
come the  resistance  to  filtration  offered  by  the  parchment  paper. 
When  this  is  the  case,  fluid  is  driven  into  the  tube  Gr,  and  it  can 
be  collected  in  the  vessel  F,     It  is  true  that  the  processes  leading 
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to  root  pressure  and  related  phenomena  are  much  more  compli- 
cated than  those  above  indicated,  and  it  is  especially  to  be  em- 
phasised, that  in  the  plant  cell  the  protoplasm  (and  particularly 
its  ectoplasm)  plays  an  important  part  when  pressures  are  set  up 
in  plants  by  processes  of  osmosis ;  but  nevertheless  the  above 
experiment  is  of  considerable  interest  in  connection  with  plant 
physiology.  In  the  cells  of  the  parenchyma  of  roots,  pressures 
are  set  up  owing  to  the  osmotic  capacity  of  the  cell-contents. 
The  strongly  turgescing  cells  finally  press  out  a  part  of  their 
contents,  which  passes  into  the  elements  of  the  wood,  and  is  driven 
up  within  them. 


80.    Farther  Experiments  on  the  Escape  of  Liquid  Water 

from  Plants. 

When,  owing  to  osmosis,  intense  pressures  are  set  up  in  the  cells, 
which  finally  overcome  the  resistance  to  filtration  offered  by  the 
hyaloplasm  and  cell -walls,  quantities  of  fluid  are  forced  out  of  the 
cells.  The  experiments  respecting  the  flow  of  fluid  from  the  de- 
capitated plants  owing  to  root  pressure  have  already  familiarised 
us  with  phenomena  whose  cause  is  to  be  sought  in  osmotic  pres- 
sures, but  there  still  remain  a  series  of  other  phenomena  which 
must  here  be  considered. 

Young  pot  plants  of  maize  or  Tropasolum  are  placed  in  a  ther- 
mostat (see  Fig.  76),  and  covered  with  a  bell-glass.  The  soil  in 
which  the  plants  are  rooted  has  previously  been  well  watered, 
and  the  temperature  in  the  apparatus  is  to  be  kept  constant  at 
20-25®  C.  The  transpiration  of  the  plants  under  these  conditions 
is  almost  nil.  Owing  to  the  root  pressure,  all  the  cavities  within 
the  plant  become  filled  with  water,  and  water  may  even  escape  to 
the  outside.  We  observe  in  fact  that  in  the  course  of  from  half 
an  hour  to  two  hours,  drops  of  water  appear  on  the  tips  of  the 
leaves  in  Zea,  and  on  the  edges  of  the  leaf  in  Tropaeolum,  which 
on  reaching  a  certain  size  fall  off  and  are  replaced  by  new  ones. 
In  Zea  the  water  passes  out  through  rifts  in  the  epidermis,  in 
Tropaeolum  through  water  stomata. 

That  pressures  as  set  up,  e.g.,  by  root  pressure,  play  an  important 
part  in  causing  the  escape  of  drops  of  water  from  leaves  is  easily 
demonstrated.  To  the  shorter  limb  of  a  glass  tube  filled  with 
water,  we  connect  a  cut  shoot  of  Vitis,  Tropceolum,  or  Impatiens 
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(see  Fig.  78).     The  cot  anrface  dips  into  the  water. 

the    arrangement  in    a    lai^e    glass 

cylinder,  pour  mercury  into  the  Iodr 

limb  of  the  tabe,   and  finally  cover 

the   cylinder  with   a  glass    plate,  so 

as  to  retard  as   far  as   possible    the 

transpiration  of  the  shoot.     After  a 

long'er  or  shorter  time,  drops  of  water 

escape  from  the  tissne  of  the  leaves. 

I    saw    this  formation    of    drops  of 

water  very  bean tif  ally  in  experiments 

performed    aa   described   with    shoots 

of  Impatiens    Balsamina.      With    an 

over-preBsure  of  35  cm.  of  mercury, 

drops    of    water    escaped    from    the 

teeth  along  the  margin  of  the  leaves 

in  the  conrae  of  a  few  minutes.' 

According  to  Pitra's  accoant,  it 
sbonld  be  easy  to  make  the  observa- 
tion that  leaf-bearing  shoots,  cut  off, 
and  almost  completely  immeriied  tip- 
side- down  in  water,  yield  flnid  in 
considerable  quantities  from  the  cut 
surface  of  the  stem.  I  have  repeated 
many  of  Pitra's  experiments,  but 
with  negative  results.  My  experience, 
however,  does  not  extend  far  enough 
for  a  critical  examination  of  the  ex- 
periments of  this  author,  and  therefore  I  shall  not  here  consider 
them  further.  On  the  other  hand,  it  is  possible  to  prove  with- 
out difficulty  with  pieces  of  the  stem  of  Zea,  or  Sorghum  val- 
gare,  that  not  only  In  the  roots,  but  even  in  the  cells  of  stem 
stmctures,  pressures  may  be  set  np  osmotically,  which  result  in 
eacajie  of  fluid.  The  pieces  of  stem,  about  10  cm.  in  length,  are 
taken  from  vigoroos  mai;'.e  plants,  and  from  plants  of  Sofghnm 
which  are  beginning  to  flower,  the  npper  section  being  made  at  a 
point  a  few  millimetre^i  above  a  node.  On  immersing  them  in 
water  with  the  npper  cut  surface  outside  the  fluid,  and  covering 
with  a  bell-glass,  sap  sooa  escapes  from  the  cut  surface.  If  we 
dry  the  surface  with  blotting-paper,  it  soon  becomes  moist  again. 
Bnt  other  oanses  besides  osmotic  pressure  may  give  rise  to  an 
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escape  of  fiaid  from  plant  stmctures.     This  is  the  case,  e.g.,  in 
inanj  nectaries,^  and  we  select  for  examination  those  of  Fritillaria 
imperial  is.     At  the  base  of  the  perianth  leaves  in  the  flower  of 
Fntillaria,  are  easily  seen  comparatively  large  bowl-shaped  nec- 
taries.    There  is  present  in  them  a  sagary  sap,  containing  glucose. 
This  we  can  easily  ascertain  by  rinsing  the  base  of  a  few  perianth 
leaves  with  a  little  water,  and  ponring  the  flaid  obtained  into 
boiling  Fehling's  solution.     We   further  very  carefully  and  re- 
peatedly rinse  the  nectaries  of  several  perianth  leaves  with  water, 
dry  them  with  blotting-paper,  and  then  put  a  bell-glass  over  them. 
In  the  nectaries  of  a  few  of  the  perianth  leaves  we  now  place  a 
granule  of  moistened  sugar,  reserving  the  others  for  comparison. 
After  a  few  hours  the  former  again  contain  a  sugary  sap,  while 
the  latter  remain  dry.      The  sugar  attracts  water  to  itself,  by 
osmosis,  from  the  cells  of  the  nectary,  without  pressures  being 
thereby  set  up ;  and  what  is  effected  in  the  experiment  by  the 
sugar  added,  is    probably  effected   under    normal  conditions  by 
osmotioally  active  bodies  produced  by  the  metamorphosis  of  the 
substance  of  the  outer  membranes  of  the  epidermal  cells   of  the 
nectaries. 

When  felled  tree  trunks,  rich  in  sap,  are  exposed  to  the  sun's  rays, 
it  frequently  happens  that  fluid  exudes  from  their  cut  surfaces, 
and  this  arises  from  the  fact  that  the  air  within  the  wood  elements 
has  expanded  owing  to  rise  of  temperature,  and  driven  out  the 
water  also  present  in  the  structures.  The  following  experiments 
give  us  further  information.  Pieces  20-25  cm.  long  and  3-5  cm. 
thick  are  cut  in  cold  but  damp  weather,  in  winter,  from  boughs  of 
willow,  elm,  ash,  hazel  or  Pavia  rubra,  which  last  I  chiefly  used 
in  my  experiments,  and,  after  their  ends  have  been  very  carefully 
smoothed,  are  laid  for  about  twenty-four  hours  in  water  at  a  tem- 
perature of  about  2°  C,  so  as  to  increase  the  quantity  of  water 
within  them.  We  then  put  them  in  a  cylinder  containing  water  at 
25-30°  C,  with  their  upper  ends  projecting  slightly  above  the 
surface.  A  fairly  large  quantity  of  water  soon  collects  on  the 
smooth  cut  surface  on  the  top  of  each.  I  also  observed  a  similar 
escape  of  water,  resulting  from  expansion  of  the  air  present  in 
the  wood  elements,  when  pieces  15  cm.  long  and  2  cm.  thick,  cut 
in  winter  from  branches  of  Abies  pectinata,  were  placed  in  water 
at  a  temperature  of  24°  C.  When  they  were  subsequently  placed 
in  water  at  5°  C,  the  water  which  had  issued  from  the  cut  snr- 
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face  afc  the  higher  temperature  was  sacked  back  agaiti  owing  to 
the  cooling  and  conseqnent  contraction  of  the  contained  air.^ 


*  See  Moll,  Botan.  Zeitung,  1880. 

'  See  Wilson,  in  Unteriuelmngen  aus  d.  botan.  Iiutitut  za  Tilbingeitf  Bd.  1, 
Heft  1. 
'  See  Sachs,  Botan.  Zeitung,  1860. 


81.    The  Organisation  of  Plant  Structures  and  Transpiration. 

The  tissues  of  plant  structures  are  by  no  means  all  easily  per- 
meable to  flnid  water  or  to  water  vapour.  On  the  contrary,  there 
are  tissues  which  allow  the  passage  of  water  only  with  extreme 
difficulty,  and  to  this  class  belongs  especially  cork  tissue.  This 
fact  is  of  considerable  biological  interest.  Thus  we  find  that 
many  watery  structures,  e.g.  potatoes,  which  have  to  survive  a 
long  period  of  dormancy,  are  clothed  with  a  more  or  less  thick 
layer  of  cork,  and  in  order  to  determine  its  significance,  in  the 
maintenance  of  the  watery  condition  of  the  parenchyma  of  the 
tubers,  it  is  .sufficient  to  make  the  following  experiment.^  We 
select  two  potatoes  as  nearly  as  possible  of  the  same  size.  One  of 
them  is  peeled  in  order  to  remove  the  cork  tissue,  the  other  is  left 
nnpeeled.  We  now  weigh  the  two  potatoes,  and  then  place  them 
side  by  side.  Further  weighings  made  at  the  end  of  three,  six, 
and  twenty-four  hours  respectively,  indicate  that  the  peeled 
potato  loses  much  more  water  than  its  neighbour.  The  small 
amount  of  water  which  the  unpeeled  potato  loses  escapes  chiefly 
from  the  lenticels  and  from  fine  rents  in  the  skin. 

If  we  select  two  apples  as  nearly  as  possible  of  the  same  size, 
peel  one  of  them,  leaving  the  other  unpeeled,  and  determine  from 
time  to  time,  e.g.  every  twenty-four  hours,  the  weight  of  each,  it 
appears  that  the  apple  deprived  of  its  skin  gives  up  far  more 
water  to  the  air  than  the  unpeeled  one.  Cuticularised  epidermis 
is  therefore,  like  cork  tissue,  at  any  rate  only  very  slightly  per- 
meable to  water.* 

The  small  quantity  of  water  given  off  by  unpeeled  potatoes  and 
apples  is  chiefly  to  be  accounted  for  by  the  presence  of  lenticels, 
and  in  order  to  prove  directly  that  these  organs  are  not  without 
importance  in  determining  the  amount  of  transpiration,  we  make 
the  following  experiments.  Two  pieces  of  ^sculus  or  Ampelopais 
twigs  as  similar  as  may  be,  without  leaves,  covered  with  periderm, 

P.P.  P 
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and  aboat  3  gr.  iQ  weight,  are  made  air-tight  at  both  ends  with 
sealing-wax,  and  after  being  accaratoly  weighed,  are  laid  aside 
for  twenty-four  hoani.  We  then  again  weigh  them,  and  bo 
ascertain  the  loss  by  transpiration.  We  now  seal  ap  by  means 
of  melted  wax,  in  the  one  piece  the  lenticels,  in  the  other  patches 
of  periderm  of  corresponding  size,  at  once  weigh  both,  and  then 
again  weigh  them  after  twenty-foar  hoars*  transpiration.  The 
piece  whose  lenticels  were  sealed  will  have  lost  absolntely,  or  at 
any  rate  per  cent.,  less  water  than  the  other  piece  used  for  com- 
parison. 

The  epidermis  of  leaves,  aa  has  already  been  shown  in  70,  is 
very  generally  provided  with  a  layer  of  wax,  which,  as  is  well 
known,  appears  in  varioas  forms.  This  coating  of  wax  rednces 
not  inconsiderably  the  rate  of  transpiration  in  leaves,  as  the 
following  experiment  t«aches.  We  may  use  Eacalyptus  globoliiN, 
taking  the  two  leaves  of  the  same  pair.  One  leaf  is  accurately 
weighed  at  once,  the  other  after  the  layer  of  wax  has  been  wiped 
off  with  a  soft  cloth.  Weighings  repeated  at  the  end  of  six, 
twelve,  or  twenty-fours  respectively  indicate  that  the  former 
leaf  nndergoes  less  loss  by  tranapiratinn  than  the  latter.^ 

The  experiments  we  have  made  of  coarse  allow  no  doubt  to 
remain  that  in  the  transpiration  of  plants  only  a  small  amount  at 
most  of  the  water  disappearing  in  the  form  of  vaponr.  traverses 
the  cuticniarised  epidermis,  especially  if  the  cuticle  is  richly  im- 
pregnated with  waxy  substances.  Nevertheless,  the  cuticle  is  not 
completely  impervious  to  water,  as  the  following  experiments 
teach. 

We  cat  off  an  uninjured  leaf  of  a  Begonia,  the  upper  surface  of 
which  is  devoid  of  stomata,  and  lay  it  together  with  an  object- 
glass  in  a  cryNtallising  dish.  We  now  treat  a  large  quantity  of 
salt  with  a  little  water,  so  that  the  salt  is  slightly  moistened, 
scatter  a  small  quantity  of  the  salt  over  the  upper  surface  of  the 
leaf,  and  also  on  the  slide,  and  then  cover  the  disli  with  a  glass 
plate.  The  salt  on  the  leaf  rapidly  deljqnescea,  since  it  attracts 
water  out  of  the  tissue  of  the  leaf;  this  water  can  only  pass  to 
the  outside  through  the  cuticle.  The  salt  on  the  slide  attracts  at 
most  a  small  quantity  of  aqueous  vaponr  from  the  atmoapberic 
air,  and  remains  comparatively  dry. 

We  prepare  a  very  readily  liquefied  mixture  by  melting  together 
wii\  aad  olive  oil  or  cacao  batter  (a  mixture  of  1  part  of  wax  and 
■^  piirts  of  cacao  butter  is  very  good).     Two  leaflets  as  similar  as 
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possible  are  cut  from  a  Mahonia ;  in  one  leaflet  we  paint  only  the 
upper  surface  with  the  mixture,  while  the  other  leaflet  is  only 
painted  on  its  under  surface.  In  both  cases  we  smear  the  cut 
end  of  the  leaf-stalk.  After  the  layer  of  wax  has  completely 
cooled  and  stiffened,  we  weigh  the  leaves,  then  expose  them  to 
the  sunlight  with  their  free  surfaces  directed  upwards,  and 
after  some  time  once  more  weigh  them.  The  leaflet  with  its 
utider  surface  untouched  will  have  given  off  more  water  in  the 
form  of  vapour  than  the  other,  since  the  under  side  of  the  leaf  of 
Mahonia  possesses  stoma ta.  The  upper  side  of  the  Mahonia  leaf, 
which  has  no  stomata,  naturally  gives  off  only  a  comparatively 
small  quantity  of  water  to  the  air,  and  this  water  must  traverse 
the  cuticle.  Other  plants  (Ilex,  Nerium,  Begonia,  Ficus,  etc.), 
whose  leaves  possess  stomata  only  on  the  under  surface,  may  also 
be  employed  for  experiments  like  those  with  Mahonia. 

In  investigating  the  relations  between  the  organisation  of  plant 
structures  on  the  one  hand,  and  their  transpii*ation  on  the  other, 
it  must  be  mentioned  that  the  leaves  of  many  plants,  and  indeed 
other  organs  also,  possess  tissues  which  serve  for  storing  up  water. 
Here  we  have  to  do  especially  with  plants  which  vegetate  in  com- 
paratively dry  situations,  and  which  frequently  have  to  endure  a 
long  period  of  great  dryness.  We  may  mention  particularly  many 
of  the  Cacti,  the  Cactus-like  Euphorbias,  many  Crassulacese,  and 
species  of  Aloe  and  Peperomia.  We  prepare,  e.g.^  a  transverse 
section  of  the  leaf  of  Aloe  soccotrina.  Beneath  the  very  strongly 
cuticularised  epidermis  lies  the  green  assimilatory  tissue,  the  cells 
of  which  contain  comparatively  large  chlorophyll  grains.  The 
middle  of  the  leaf  is  occupied  by  a  tissue,  the  so-called  water- 
tissue,  the  large  cells  of  which  are  very  rich  in  water,  and  contain 
a  large  quantity  of  mucilaginous  substances.  Along  the  boundary 
between  the  water  tissue  and  the  assimilatory  tissue  which  sur- 
rounds it,  lie  the  vascular  bundles.  When  Aloes,  in  the  dry 
season,  are  unable  to  take  up  large  quantities  of  water  from  the 
soil  by  means  of  their  roots,  use  is  made  of  the  water  stored 
up  in  the  water  tissue,  and  they  do  not  materially  suffer  from 
a  drought,  which  would  destroy  other  plants.  The  leaf  of 
Peperomia  trichocarpa  similarly  possesses  a  well-developed  water 
tissue,  which  is  immediately  recognised  on  examination  of  trans- 
verse sections.  Under  the  epidermis  of  the  upper  side  of  the  leaf 
lies  a  succulent  tissue  devoid  of  chlorophyll,  the  cells  of  which 
increase  in  size  towards  the  middle  of  the  leaf.     The  assimilatory 
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parenchyma  presents  itself  in  transverse  section  aa  a  tiasne  of  only 
slight  thickness.  It  extends  between  the  water-tissue  of  the 
npper  side  of  the  leaf  and  a  well-developed  lajer  of  parenchyma 
on  the  ander  side  of  the  leaf,  whose  cells  certainly  contain  «ome 
chlorophyll,  bnt  may  likewise,  from  the  quantity  of  aap  which 
they  contain,  be  regarded  as  mainly  of  importance  for  the  storage 
of  water.  

>  Sea  Detmer,  Jaamalf.  Landwirlhtcltaft,  1679.  p.  119. 

■  See  jDSt  iD  Cohn'B  BtitrSge  zur  Biohgie  der  pjanien,  1S75,  Heft  3. 

■  8m  a.  HnbetUndt,  Phi/tiologUelu  P/anienanatoBiie,  1SS4,  p.  69. 


62.  Further  Experiments  Reapecting:  TraiupiratiaiL. 
It  is  noteworthy  that  considerably  less  water  evaporates  in  nnit 
time  from  a  given  area  of  leaf 
snrface  than  from  an  eqnal  area 
of  water.  To  prove  this  I 
made  the  following  esperi- 
ment,  nsing  the  apparatns 
drawn  in  Fig.  79:— A  glass 
vessel,  11  cm.  high  and  8  cm. 
wide,  is  filled  with  good  garden 
soil,  in  which  a  bean  seed  in 
placed  to  germinate.  When 
the  yonng  plant  ban  completely 
unfolded  its  primordial  leaves, 
the  vessel,  whose  rim  has  been 
smeared  with  fat,  is  covered 
with  a  glass  plate  divided  into 
halves  and  provided  with  three 
holes.  Through  the  middle 
hole  passes  the  stem  of  the 
plant,  packed,  if  necessary, 
with  cotton  wool.  One  of  the 
two  lateral  holes  i-eceives  a 
thermometer,  while  the  other 
is  fitted  with  a  cork.  We  now 
weigh  the  whole  apparatns 
described,  and  also  a  crystallising  glass  containing  water.  This  last 
in  an  experiment  of  mine  was  5  cm.  in  diameter.  After  twenty- 
ti  iir  honrs  we  again  weigh  the  apparatus.     The  plant  in  my  ei- 
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perLment  gave  off  to  the  air  4*6  gr.,  the  free  water  surface  2'23 
gr.  of  water.  The  area  of  water  exposed  was  19*6  sq.  cm.  The 
surface  of  the  bean  leaves  is  estimated  as  follows : — Very  homo- 
geneous paper  is  soaked  with  a  solution  of  Potassium  bichromate, 
and  after  drying  we  determine  the  weight  of  a  piece  of  the  paper 
of  known  area.  The  two  primordial  leaves  of  the  bean  plant  are 
cut  off  and  placed  on  sufficiently  large  pieces  of  the  prepared 
paper,  which  are  then  exposed  for  some  time  to  direct  sunlight. 
The  ontline  of  the  leaves  is  soon  clearly  recognisable  on  the  paper, 
since  the  uncovered  parts  become  very  brown  in  colour.  We 
now  carefully  cut  out  the  portions  of  the  paper  corresponding 
with  the  leaves,  and  determine  their  weight.  Griven  this,  and 
the  weight  of  a  piece  o£  paper  of  known  area,  we  can  at  once 
estimate  the  area  of  the  leaves.  I  found  the  total  area  of  the  two 
primordial  leaves  of  my  plant  to  be  2308  sq.  cm.  This  area  of 
leaf  certainly  evaporated  not  more  than  4*6  gr.  of  water,  since  I 
have  quite  neglected  the  surface  of  the  leaf-stalks  of  the  stem 
and  of  the  terminal  buds,  which,  of  course,  also  give  off  small 
quantities  of  water  to  the  air.  19' 6  sq.  cm.  of  water  surface  gave 
off  in  twenty- four  hours  2*23  gr.  of  water,  which  is  equivalent  to 
11*3  gr.  per  100  sq.  cm.  230*8  sq.  cm.  of  leaf  surface  lost  4'6  gr. 
of  water  in  twenty-four  hours ;  therefore  100  sq.  cm.  would  lose 
1-99  gr. 

It  has  already  been  proved  in  81,  that  the  cuticularised  regions 
of  the  epidei*mis  of  leaves  have  a  certain  significance  in  connection 
with  transpiration,  since,  as  we  have  seen,  they  are  not  completely 
Impervious  to  aqueous  vapour.  Bat  still  it  is  certain  that  the 
greatest  importance  in  this  respect  belongs  to  the  stomata.  It 
is  possible,  that  is  to  say,  to  demonstrate  a  decided  connection 
between  the  amount  of  transpiration  of  a  plant  organ  and  the  num- 
ber of  stomata  present.  A  direct  proportionality  between  the  rate 
of  transpiration  and  the  number  of  stomata  present  on  a  parti- 
cular area  of  leaf  is  not  found,  it  is  true ;  but  we  need  not  wonder 
at  this,  since  the  aqueous  vapour  escaping  from  the  stomata  is 
formed,  of  course,  in  the  intercellular  spaces,  and  the  amount 
of  transpiration  depends  therefore,  not  only  on  the  number  of 
stomata,  but  also  on  the  form,  size,  and  number  of  the  inter- 
cellular spsuses.  Garreau  ^  has  determined  the  amount  of  tran- 
spiration on  the  upper  and  lower  sides  of  numerous  leaves,  and 
at  the  same  time  the  number  of  stomata  present  on  equal  areas 
of  leaf  surface.     He  obtained  the  following  results : — 
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Atropa  belladonna.     .   < 
Nicotiana  mstica  . 
Tilia  enro[>8ea   .     .     .    < 


Qaantity  of  water  (expreaidi 
Belative  number  in  grams)  transpired 

of  Btomata.  in  iwenty-fonr  honrs. 

0-48 

.      0-60 

.      0-57 

.      0-80 

.      0-20 

.      0-49 


above  10 
below  55 
f  above  15 
*  below  20 
above  0 
below  60 


In  order  to  repeat  Garreau's  investigations,  we  fit  np  the 
apparatus  represented  in  Fig.  80.  Two  similar  bell-glasses,  of 
different  size  according  to  requirements  (about  40-80  mm.  in 
diameter,  and  100  mm.  in  height),  are  applied  to  the  upper  and 
under  side  of  the  same  leaf,  and  cemented  air-tight.  I  have  found 
a  mixture  prepared  by  melting  together  2  parts  of  olive  oil,  1  part 
of  mutton  suet,  and  1  part  of  wax,  very  serviceable  as  a  cement. 
If  the  temperature  in  the  neighbourhood  of  the  appai^atus  is 
relatively  high,  e.g,  over  20°  C,  a  smaller  proportion  of  olive  oil 
must  be  used.  The  bell-glasses  must  be  tubulated,  so  that  we  can 
attach  to  them  the  two  oil  manometers,  m  and  m'.  Lastly,  within 
each  bell-glass  is  placed  a  tube  filled  with  Calcium  chloride,  g,  g'. 
The  increase  in  weight  of  these  tubes  indicates  the  amount  of 
transpiration  from  the  leaf  surfaces.  It  is  obvious  that  we  roust 
experiment  not  with  cot-off  leaves,  but  with  leaves  remaining 
intact  on  the  plants.  In  an  investigation  conducted  under  my 
supervision  with  Begonia,  using  bell-glasses  42  mm.  in  diameter, 
the  following  results  were  obtained : — In  four  hours,  at  20®  C, 
0*0075  gr.  of  water  evaporated  from  the  upper  side  of  the  leaf, 
while  the  under  side  gave  off  0*0520  gr. 

Stahl*  has  recently  made  us  acqaainted  with  a  method  of 
research  (Cobalt  test),  which  serves  excellently  for  many  experi- 
ments on  transpiration,  and  may  also  be  employed  to  show  that 
the  cuticular  transpiration  falls  far  behind  the  stomatal  tran- 
spii'ation.  Swedish  filter  paper  is  impregnated  with  a  4-5  per 
cent,  aqueous  solution  of  Oobaltous  chloride,  and  dried  in  an  oven 
or  in  the  sun.  We  still  further  dry  a  piece  of  the  Cobalt  paper 
over  a  spirit  flame  or  gas  fiame  so  that  it  appears  intensely  bine, 
and  then  lay  it  on  a  dry  sheet  of  glass.  On  the  paper  we  place  a 
leaf  of  Phaseolus  multiflorus,  and  cover  this  with  a  second  piece 
of  the  dried  Cobalt  paper  and  a  second  sheet  of  glass.  If  the  leaf 
was  perfectly  fresh,  and  had  been  exposed  to  the  sunlight  before 
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use,  we  see,  even  after  a 
minute),  that  the  paper 
in  contact  with  the  lower 
Bitrface  of  the  leaf  aa- 
samea  a  red  tint,  while 
the  other  retains  ita  bloe 
colonr.  This  resalt  ia 
always  obtained  when 
we  eiperimetit  with 
leaves  (leaves  of  Phaseo- 
Ins,  Salijt  Caprea,  Popntus 
ni^ra,  Liriodendron, 
Syringa  vnlgaiia,  Cycla- 
men— leaves  of  the  last 
plant  are  available  even 
in  winter)  whose  npper 
sarface  contains  few  or 
no  stomata.  The  red- 
dening of  the  paper  is 
dae  to  the  action  on  the 
Cobaltons  chloride  of  the 
aqaeons  vapoar  escaping 
from  the  stomata ;  only 
traces  at  most  traverse 
the  cuticle,  so  that  the 
paper  in  contact  with  the 
npper  leaf  sorface  snffers 
little  or  no  change  of 
ooloar. 

In  investigating  the 
evaporation  of  a  leaf  on 
the  intact  plant,  it  ia 
generally  advisable  to 
employ  large  thin  sheets 
of  mica  instead  of  the 
heavy  glass  plates.  They 
may  be  fixed  by  means  of 
small  clamps. 


very  short  time  (a  few  seconds  to-  a 


'  S<e  Oatreaa,  ^nn.  rf.  Sc.  Nat.,  185 
*  8m  Stahl,  Botait.  Ztilung.,  1894. 
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83.    Tbe  Influence  of  External  Conditions  on  the  Tranipintiim 
of  Flantfl. 
Very  different  forms  of  apparatus  have  been  emplojed  in  t^ie 
ntimerona  researches  on  the  infloence  of  external  conditions  on 
transpiration.      Ws   will    here   make  use  of  only   a  few   which 
I  can  recommend  from  tay  own  experience.    One  has  already  been 
described     in     82     and 
i-epresented  in    Fig.  79. 
It    is    there     indicated 
that  the  plants    may  be 
cultivated  in  the  coTcred 
glass  reasel    iteelf.     We 
may    also    grow     them 
in  flower-pots,  and  place 
these    in    a    sufficiently 
large  glass    reasel  with 
a  gronnd  rim  and  pro- 
vided with  a  glass  corer. 
If  we  are  working  with 
comparatively  large 
plants  (e.g.   Helianthas, 
Nicotiana),     and    there- 
fore   have  to    nse  large 
flower-pots  in  order    to 
ensure     very      rigoroDS 
growth,    we    place    the 
pots    in  receivers  made 
of  sheet  zinc,  and    pro- 
vided      with       divided 
covers.     In  each     cover 
there   mast    be   a     hole 
to    receive    a     thermo- 
meter,  and   another  for 
the    stem  of    the    plant 
to  pass  through       The  junction  of  the  halves  of  the  cover  may  bo 
made  an  tight  by  smearing  with  a  cement  (1  part  of  wax  and  J 
part,  olive  oil  melted  together).     Experiments  with  comparatively 
large  plants  (e.g.  Helianthus,  Nicotiana)  are  instrnotive  becanse 
tlioy  show  ns  that  even  in  a  short  time,  e.g.  twenty-four  hours, 
they  give  off  to  the  air  a  very  considerable  quantity  of  water- 
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Tiie  second  arrangement  which  may  be  conveniently  employed 
in  expei-iments  on  the  evaporation  from  plants,  especially  in 
lectnre  demonstratioaa,  is  depicted  in  Fig.  81.  The  U-sbaped, 
fairly  wide  glass  tabe  G  is  filled  with  water.  One  limb  is  closed 
by  a  cork,  throagh  which  passes  the  lower  end  of  the  shoot,  Sp, 
whose  transpiration  is  to 
be  measarod.  The  olhei- 
limb  is  closed  by  a  two- 
holed  cork.  Throagb  one 
hole  passes  the  thermometer 
T,  through  the  other  one 
limb  of  the  narrow  bent 
glass  tnbe  ff,  which  is 
filled  with  water.  We 
place  the  arrangement  in 
a  wide  glass  vessel,  and 
transfer  the  whole  ap- 
paratus to  a  balance.  We 
are  now  in  a  position  to  de- 
termine the  loss  of  weight 
suffered  by  the  shoot  as  the 
result  of  transpiration.  We 
can,  however,  at  the  same 
tiniB  observe  the  loss  of 
water  directly,  since  the 
evaporation  causes  a  de- 
pression of  the  column  of 
water  in  the  tube  G'. 

The  apparatus  indicated 
in  Fig.  82  is  especially  lo 
be  recommended  for  in- 
vestigating transpiration. 
The  object  nnder  examina- 
tion is  fixed  water-tight 
into  the  upper  end  of  the 
vessel  C,  which  contains 
water,  and  is,  say,  25  cm.  in  height  and  about  6  cm.  in  diameter. 
We  may  experiment  either  with  shoots  or  with  rooted  plants. 
In  the  former  case  we  close  the  vessel  with  a  perforated  rubber 
stopper,  and  pass  the  shoot  through  it;  in  the  latter  we  snpport 
the  plant  by  means  of  a  divided  cork,  the  halves  o[  this  being 


9      81.    Apparslus     for 
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cemented  together  with  a  mixture  of  wax,  mutton  fat,  and 
olive  oil,  which  melts  at  a  comparatively  low  temperature.  Into 
the  tubulus  towards  the  bottom  of  the  cylinder  C  is  fitted  the 
graduated  glass  tube  B^  about  15  mm.  in  diameter,  and  contain- 
ing water.  The  water  in  B  is  covered  with  a  thin  layer  of 
oil.  It  is  well  to  arrange  for  determining  the  temperature  of  the 
water  in  the  apparatus.  In  many  cases  it  is  advisable  to  cover 
the  water  in  the  cylinder  C  with  a  layer  of  oil,  the  absorbing  and 
transpiring  parts  of  the  object  being  thus  simply  separated  from 
one  another.  The  loss  from  transpiration  can  be  estimated  by 
weighing  the  whole  apparatus  on  a  sufficiently  sensitive  pair  of 
scales.  The  amount  of  water  absorbed  is  indicated  by  the  tube 
B,^  attention  of  course  being  paid  to  the  effect  of  changes  of 
tempei*ature  on  the  volume  of  the  water.  If  a  rooted  plant  be 
exposed  in  the  apparatus  for  a  long  time   to  constant  external 

influences,  equilib- 
rium is  set  up  be- 
tween transpiration 
and  absorption  of 
water.  But  if, 
owing  to  increased 
temperature  of  the 
air,  tbe  transpiration 
is  much  intensified, 
the  plant  loses  more 
water  than  it  ab- 
sorbs ;  if,  however, 
it  is  now  covered 
with  a  bell-glass, 
the  absorption  of 
water  preponder- 
ates.' Good  material 
for  the  experiments  is  afforded  by  bean  or  maize  plants  developed 
by  the  water-culture  method,  and  cut  shoots  of  woody  plants,  e.g, 
Salix.  In  many  cases,  e.g.  for  purposes  of  demonstration,  it  is 
8ufficient  to  place  cut  shoots  in  a  vessel  of  water,  and  cover  the 
water  with  a  layer  of  olive  oil.  The  loss  from  transpiration  is 
ascertained  by  weighing  the  apparatus.  If  very  great  accuracy  is 
not  requii*ed,  we  may  use  scales  (see  Fig.  83).  We  may  work 
with  twigs  of  Salix  fimgilis,  Helianthus,  Eucalyptus  globulus  (a 
young  shoot  of  this  plant  provided  with  twenty  leaves  transpired 
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Fia.  83.— Scttlea  for  transpiration  ezperimentB. 


THE  UOLECULAS  FORCES  IN  FLINTS.  219 

means  very  favoarable  conditions  7  gr.  of  water  per 
In  winter  we  employ  for  this  and  other  transpiration 


under  by  n 

hour),  etc. 

experiments  shoots  of  Fnchi 

light,  transpirevery  strongly. 

To  make  sure  that  plants 
transpire  far  more  feebly  in 
a  moist  atmosphere  than  in 
one  poor  in  aqaeoaB  vapour, 
we  first  place  our  apparatus 
for  half  an  hoar  under  & 
bell-glass  whoseinnersnrface 
has  been  moistened  with 
water.  We  then  expose  it 
for  half  an  hour  to  the  air. 
We  make  the  experiment, 
however,  not  in  the  open  air, 
bat  in  a  room,  taking  care  to 
keep  the  plant  exposed  to  the 
same  conditions  of  tem- 
perature and  illumination 
thronghont  the  experiment. 

At  a  high  temperature  a 
plant  gives  oS  mnoh  more 
vapoov  than  at  a  low  one. 
The  temperature  in  itself 
and  the  hygro metric  con- 
ditions usually  co-operate 
in  bringing  this  aboat. 

To  bring  out  very  clearly 
the      dependence      of      the 
amount  of    transpiration  on 
the  quantity  of  water  in  the 
air  and  on  the  temperature, 
I    made    experiments    with 
the    apparatus  illustrated  in 
Fig.  84.     On  a  tripod  stands 
the  zino  cylinder  Z,  40  cm. 
high  and  24  cm.  in    dia- 
meter.   In  the  cylinder  is  a 
porcelain  dish,  F,  resting 
on  a  small  tripod,  while  the 


1,  which,  especially  in  direct  sun- 
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=  s>t.t4  iNiUiC  vria;^  X  is  sap(K)rted  bj  an  arrangement  of  wire,  which 
:^  lauciicd  to  the  under  side  of  the  wooden,  or  better  metallic, 
.  »H  ci  ^  ioyvAUic  the  cylinder.  The  temperature  of  the  air  within  the 
v^iiiiaor  isi  iudioatod  by  the  thermometer  T,  We  may  experi- 
rticai  Nviilt  twigs  of  Salix  fragilis,  which  even  in  the  dark  trans- 
pire \crv  \  igoi\>usly,  since  their  storoata  do  not  close  in  aJbsence  of 
It^di.  A  very  leafy  twig  is  cut  o£F,  pat  into  a  glass  containing 
wiiLux-,  I  ho  surface  of  which  is  covered  with  a  layer  of  oil  to  prevent 
I  xu^Kiicuiou  from  it.  The  glass  is  now  placed  in  the  lai'ge  porce- 
lain Llish,  after  this,  and  also  the  crystallising  glass  iC,  has  been 
.Mi|iplicd  with  Calcium  chloride.  If  at  the  commencement  of  the 
iA|>criiuout,  and  at  the  end  of  every  four  hours,  we  weigh  the  glass 
HI  id  willo>¥  twig,  we  obtain  information  as  to  the  rate  of  transpira- 
Uou  o(  the  twig  in  air  very  free  from  aqueoas  vapoar.  We  now 
rcf>lacu  the  Calcium  chloride  in  P  and  K  by  water,  and  let  the 
iwi^  transpire  for  four  hoars  in  air  which  is  now  well  supplied 
with  aquooua  vapour.  Having  determined  the  relatively  slight 
\i*.\K  by  transpiration  under  these  circumstances,  the  twig  is  once 
moi'u  exposed  to  air  poor  in  aqueous  vapour.  It  is  best  to  place 
1  lit)  apparatus  in  a  room  with  a  north  aspect,  because  in  such  a 
liivtui  tlio  variations  of  temperature  in  the  course  of  a  day  are  only 

lu  iuvoMtigating  the  influence  of  temperature,  the  twigs  are  first 
ku[»t  at  a  low  temperature,  P  and  K  having  been  charged  with 
raloiuiu  chloride.  We  then  warm  the  air  in  the  apparatus,  and 
ospiiMo  the  object  to  the  higher  temperature.  A  willow  twig  gave 
»il!  (always  in  air  poor  in  aqueous  vapour)  in  every  four  hours 
at  iJl'*  C.  5  2  gr.  of  water,  and  at  32®  C.  8  5  gr.  of  water. 

It  (m  ulear  that  in  the  last  experiment  the  rate  of  transpiration 
luuiit  ho  accelerated,  not  only  by  the  high  temperature  of  the  air, 
iiul  at  ttin  Marae  time  from  the  fact  that  the  object  absorbs  a  rela* 
(ivi'ly  larj^'o  quantity  of  fluid  from  the  warm  water.  To  exclude 
(hu  Uiiivv  factor  we  may  employ  the  following  apparatus  (see  Fig. 
Ht'i),  wUi(^h  I  also  used  to  demonstrate  the  dependence  of  the  rate 
[it  tninHpit'iition  on  the  amount  of  water  present.  On  the  nng  of 
(Ik*  Mtaiid  St  rests  a  shallow  porcelain  dish,  P,  perforated  in  the 
luiiliOt).  The  bell-glass  0,  provided  a  thermometer,  T,  should  be 
lailMM'  hii>(o  (liO  cm.  high  and  15  cm.  in  diameter).  Through  the 
(Miil>  /i  of  the  water-containing  U-tube,  [7,  pass  the  thermometer 
V  uimI  tlio  base  of  a  shoot  (e.g.  Syringa),  the  leaves  of  the  shoot 
|ii»liig  otivt^viid  by  the  bell-glass  0.     The  shoot  is  fixed  in  the  hole 
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of  the  dish  by  means  of  cotton  wool.     The  cork  "K!  t 

limb  of  the  glass  tube  Ql,  which  is  about  2  mm.  in  calibre.     The 

other  limb  of  this  tabe  mna  alongside  a  millimetre  scale. 


irlDg  ths  abearptiOD  of  wi 


T  bj  tmupirlng  plants. 


At  the  commencement  of  the  experiment  V  and  Ql  are  com- 
pletely filled  with  water,  the  bottom  of  P  is  covered  with  chloride 
of  Calciam,  and  the  bell-^laes  is  pat  on.  After  a  time  we  ascer- 
tain the  position  of  the  meniscna  in  Ql,  and  can  now  determine  the 
(lonsamption  of  water  by  the  plant  by  noting,  say  every  five 
minates,  how  far  the  meniscus  in  Ql  is  carried  baclc.  To  raise  the 
tempenitare  of  the  air  nnder  0  by  a  few  degrees  C,  it  is  only 
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necessary  to  introduce  into  tlie  apparatus  the  small  disli  S  con- 
taining* hot  sand.     It  maj  be  supported  on  a  small  tripod.    In 
observations  on  the  influence  of  the  quantity  of  aqueous  vaponr 
present  in  the  air  on  the  consumption  of  water  by  the  plants,  P  is 
provided  in  parallel  experiments  with  Calcium  chloride  and  water 
respectively.      In  experiments  which  I  made  in  diffuse  light  with 
Syringa  shoots,  the  meniscus  retreated  10  mm.  every  ten  minutes 
when  the  air  surrounding  the  leaves  was  poor  in  aqueous  vaponr. 
In  a  parallel  experiment  with  air  rich  in  vapour  under  0,  the  men- 
iscns  only  moved  back  3  mm.  in  ten  minutes.     For  many  detailed 
researches  on  transpiration  the  apparatus  of  Kohl  is  also  suitable. 
In  using  this,  and  also  with  the  arrangement  depict<ed  in  Fig.  85, 
it  is  to  be  observed  that,  while  the  absorption  of  water  by  plants 
in  general  rises  and  falls  with  the  transpiration,  still  its  amount  is 
by  no  means  under  all  circumstances  determined  by  the  transpi- 
ration.    The  arrangements  referred  to  may,  however,  be  strongly 
recommended  for  comparative  investigations  of  short  duration. 

We  may  get  an  arrangement  very  similar  to  that  of  Kohl  by 
replacing  the  dish  P  in  Fig.  85  by  a  ground  glass  plate  perforated 
in  the  middle,  taking  great  care  to  make  the  junction  air-tight, 
and  introducing  through  the  cork  of  the  bell  0  tubes  for  leading 
in  and  leading  ofF  gases.  By  means  of  an  aspirator,  we  sack 
through  the  apparatus  air  which,  e.y.  in  experiments  on  the  infin- 
ence  of  temperature  on  transpiration,  has  first  been  thoroughly 
dried  by  passage  through  vessels  containing  concentrated  Sulphuric 
acid  and  Calcium  chloride.  We  readily  warm  the  air  by  heating 
the  in-lead  gas  tube,  in  the  neighbourhood  of  the  bell-glass  O,  by 
means  of  a  spirit  flame. 

It  is  instructive  to  prove  that  light  accelerates  transpiration.  I 
used  in  my  investigations  the  apparatus  represented  in  Fig.  79, 
and  experimented  chiefly  with  Cncurbita.  We  make  the  observa- 
tions in  a  room  which  during  the  experiments  only  receives  diffused 
light  and  can  without  difficulty  be  quickly  darkened,  absolute  ex- 
clusion of  light,  however,  not  being  at  all  necessary.  It  is  best  to 
place  the  apparatus  in  front  of  a  window  on  a  balance.  We  illu- 
minate it  for  one  or  two  hours,  then  darken,  e.g.  by  closing  the 
window  shutters,  and  again  i]luminat<e  at  the  end  of  one  or  two 
hours,  and  so  on.  During  each  period  the  temperature  of  the  soil 
and  air  must  be  kept  constant,  and,  further,  the  hygrometric  con- 
ditions of  the  air  must  not  vary.  As  a  hygrometer,  it  is  convenient 
to  use  a  simple  stand  supporting  two  thermometers,  of  which  one 
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is  kept  dry,  while  the  balb  of  the  other  is  wrapped  with  wet 
linen.  The  results  of  my  investigations  are  detailed  in  my  Beitrdge 
zur  Theorie  des  WurzeldruckSf  Jena,  1877,  p.  77.  The  cause  of  the 
increase  in  transpiration  nnder  illumination  is  to  be  sohght  on  the 
one  hand  in  the  heating  effect  of  light  rays  penetrating  into  the 
plant,  while  on  the  other  hand  it  may,  in  many  cases,  be  still 
farther  materially  intensified  by  the  widening  of  the  slits  of  the 
stomata  brought  about  by  access  of  light. 

This  last  factor  is  also  of  the  utmost  importance  in  explaining 
the  following  simple  experiments.  We  take  two  narrow-mouthed 
bottles  filled  with  water.  In  one  we  place  a  large  twig  of  Tilia 
grandifolia,  in  the  other  a  shoot  of  Salix  fragilis.  We  cover  the 
water  in  both  with  a  layer  of  olive  oil,  and  weigh.  Both  are  then 
exposed  to  diffuse  daylight,  and  after  a  time  we  weigh  again,  and 
so  determine  the  loss  by  transpiration.  I  found  that  a  large  Tilia 
shoot  lost  in  1^  hours. only  0*5  gr.  of  water,  while  willow  twigs 
nnder  the  conditions  described  transpired  very  vigorously.  Ex- 
posed to  direct  sunlight,  the  Tilia  twig  gave  off  in  1^  hours  45  gr. 
of  water.  In  Tilia  the  stomata  are  only  widely  open  in  direct  sun- 
light, whereas  they  close  in  diffuse  light.  In  Salix  the  stomata 
remain  open  even  in  diffuse  light,  and  the  shoots  consequently 
transpire  very  vigorously  even  under  these  conditions. 

That  the  stomata  of  the  lime  do  really  react  very  energetically 
to  changes  of  illumination,  can  easily  be  proved  by  the  Cobalt 
test.  Cut  twigs  of  Tilia  grandifolia  are  put  with  their  lower  ends 
in  water,  and  exposed,  some  of  them  to  direct  sunlight,  the  rest  to 
feeble  diffuse  daylight.  After  two  hours  it  is  shown  by  the  Cobalt 
test  (see  82)  that  the  leaves  of  the  former  turn  the  Cobalt  paper 
in  contact  with  their  under  surfaces  strongly  red,  while  those  of 
the  latter,  e^cposed  to  diffuse  light,  redden  the  paper  only  to  a 
slight  extent.  With  the  help  of  the  Cobalt  test  I  found  also  that 
leaves  of  Tilia  twigs,  exposed  to  direct  sunlight  without  access  of 
water,  rapidly  closed  their  stomata. 

The  stomata  of  Aspidistra  elatior  and  Fie  us  elastica,  according 
to  Stahl's  observations,  also  react  unusually  energetically  to 
changes  of  illumination.  In  direct  sunlight  they  open  their  sto- 
mata widely,  while  in  not  too  bright  diffuse  daylight,  even  at  a 
high  temperature  (30^  C),  the  stomata  remain  closed.  Aspidistra 
and  Ficus  consequently  transpire  very  feebly  in  diffuse  daylight, 
very  energetically  in  direct  sunlight.  If  a  pot  plant  of  Ficus 
elastica,  which  has  been  sunned  for  about  an  hour,  is  weighed. 
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and  then  again  weighed  after  exposure  for  two  to  four  hours  to 
direct  sunlight,  a  considerable  loss  from  transpiration  is  observed. 
If  now  the  plant  is  placed  at  the  back  of  a  room  with  a  north 
aspect,  and  we  begin  a  new  experiment  after  the  plant  has  been 
exposed  for  about  an  hour  to  the  changed  conditions,  then  the 
weighings  indicate  very  slight  losses  by  transpiration.  In  these 
experiments  loss  of  water  from  the  pot  and  soil  may  be  prevented 
by  covering  the  soil  with  tinfoil,  and  wrapping  the  pot  with  a 
white  cloth,  or,  for  greater  safety,  we  may  proceed  as  in  the 
experiment  illustrated  by  Fig.  81. 

We  cut  off  twigs  of  Salix  fragilis  and  Tilia  grandifolia.  The 
twigs,  which  must  be  approximately  of  the  same  weight,  are 
brought  on  to  a  table  in  a  room  with  a  north  aspect.  They  are 
not  supplied  with  water.  Repeated  weighings  during  one  to  two 
days  show  that  the  willow  twig  transpires  much  more  strongly 
than  the  lime  twig.  Therefore  also  the  leaves  of  the  willow  are  al- 
ready dry  when  the  lime  leaves  still  contain  a  comparatively  large 
quantity  of  water.  If  we  examine  withering  leaves  of  lime  and 
willow  (leaves  of,  e.g.^  Cyperus  alternifolius  behave  quite  like  the 
latter)  by  the  Cobalt  test,  we  find  the  stomata  of  the  lime  closed 
and  those  of  the  willow  open.  The  lime  and  many  other  plants 
are  able  to  regulate  the  intensity  of  their  transpiration.  They 
close  their  stomata  when  they  are  threatened  with  danger  of 
withering.  Willows  cannot  do  this;  their  leaves  consequently 
dry  very  rapidly  when  supply  of  water  is  prevented. 

To  make  experiments  in  winter  which  teach  that  withering 
leaves  close  their  stomata,  we  employ  species  of  Ti^adescantia  from 
the  hothouse.  Freshly  cut  leaves  redden  Cobalt  paper  brought 
against  their  lower  surface,  while  slightly  withered  leaves  can 
no  longer  do  this.  If  shoots  of  Cyperus  alternifolius  and  leaves 
of  Aspidistra,  which  are  also  always  available  in  winter,  are  cut 
and  left  in  diffuse  light,  without  supply  of  water,  the  former 
rapidly  wither  because  their  stomata  cannot  close,  the  latter  for  a 
long  time  keep  fresh  since  their  stomata  are  shut.  The  Cobalt 
test  may  also  be  conveniently  used  here  to  gain  information  as  to 
the  state  of  the  stomata. 

Specimens  of  Cacurbita  or  other  plants  are  investigated  as  to 
their  transpiration  by  means  of  the  apparatus  represented  in  Fig. 
79,  or  that  in  Fig.  82.  They  are  first  left  standing  on  a  balance 
for  half  an  hour  at  rest,  and  the  loss  by  transpiration  is  det-er- 
mined.     Then  they  are  violently  shaken  for  a  few  seconds,  and  it 
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is  at  once  found  that  a  disproportionately  large  quantity  of  aqueous 
vapour  has  escaped  during  that  time.  Sudden  shaking  increases 
considerably  the  transpiration  of  plants.  I  have  often  satisfied 
myself  of  this.^ 


»  See  Pfeflfer,  Handbuch  der  Pjlanzenphygiologie,  Bd.  1,  pp.  135  and  141. 

'  On  the  relation  between  absorption  and  loss  of  water  in  plants,  see  espe- 
cially Vesque,  Ann,  d,  Sc,  Nat.,  1876  and  1878. 

'  Literatare :  Unger,  Anatomie  u.  Physiolo.iie  d.  PJlamen,  1855 ;  Sachs,  Hand- 
hwh  d.  Experintentalphysiologie  d,  PjUimen,  1865 ;  Baranetzky,  Botan.  Zeitung, 
1872;  Wiesner,  Sitzungsher,  d,  Akadem.  d.  Wi»8.  in  Wien,  1876,  Octoberheft ; 
Detmer,  Beitrdge  zur  Theorie  d.  Wurzeldruckt,  Jena,  1877,  p.  47 ;  Kohl,  Iran- 
tpiration  d,  Pjlanzen,  Braunschweig,  1886;  Eberdt,  Transpiration  d.  Pflanzert, 
Marburg,  1C89. 


84.  The  Wood  as  a  Tissue  for  the  Conduction  of  Water,  and  the 
Influence  of  Transpiration  on  the  Movement  of  Water  in 
Plants. 

From  the  base  of  a  very  leafy  branch  of  a  tree  or  shrub  (I  ex- 
perimented with  Pavia  rubra),  without  separating  it  from  the 
parent  plant,  we  remove  a  ring  of  cortex  about  5  cm.  broad,  and 
extending  inwards  as  far  as  the  wood. 

The  shoot  remains  fresh  for  a  considerable  time,  notwithstand- 
ing the  fact  that  the  leaves  are  actively  transpiring,  since  con- 
duction of  water  is  not  prevented  by  the  ringing.  Thus  the  bark 
cannot  be  regarded  as  a  tissue  possessing  any  considerable  im- 
portance in  connection  with  the  conduction  of  water  along  the 
stem ;  it  is  in  the  wood  of  the  fibrovascular  bundles  that  the  water 
travels.  The  dry  or  even  partly  destroyed  pith  in  the  middle  of 
woody  stem-structures  naturally  plays  no  part  in  the  movement  of 
water  in  the  plant. 

Moreover,  it  is  certain  that  not  the  whole  of  the  wood  conducts 
water,  but  only  the  splint  wood,  the  heart  wood  having  become 
incapable  of  conduction.  Naturally  only  plants  in  which  there  is 
a  well-marked  differentiation  between  splint  and  heart  wood  are 
suitable  for  experiments  on  this  subject.  If,  e.g.,  we  select  in 
summer  a  Kobinia  trunk  about  12-16  cm.  in  diameter,  and  saw 
through  it  all  round  to  the  heart  wood,  the  plant  withers  often  on 
the  same  day.  If  from  a  vigorous  shoot  of  Rhus  typhina  we  re- 
move a  ring  of  bark  a  few  centimetres  wide,  the  shoot  rapidly 
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withers.  In  Rhus  typhina  the  splint  is  so  thin  that  the  ringing 
injures  it,  and  the  condaction  of  water  is  necessarily  interrupted.^ 
In  my  experiments  with  Rhus  typhina  the  part  above  the  ring 
was  withered  even  after  a  few  hours.  Rhus  glabra  does  not  be- 
have in  the  same  manner. 

We  cut  off  a  shoot  of  Impatiens  noli-me-tangere,  or  I.  parviflora, 
and  place  it  with  its  cut  surface  in  an  aqueous  solution  of  methyl 
green.  The  stalks  of  these  plants  are  very  ti^ansparent,  so  that 
we  can  observe  in  a  remarkably  beautiful  manner  the  phenomena 
here  under  consideration.  In  an  experiment  with  Impatiens 
parviflora  it  was  found  that  the  colouring  matter  had  already 
risen  in  the  stem  of  a  fairly  actively  transpiring  shoot  to  a  height 
of  a  few  centimetres  at  the  end  of  a  quarter  of  an  hour,  and 
microscopic  examination  of  transverse  sections  of  the  stem  showed 
that  only  the  wood  of  the  vascular  bundles,  which  are  arranged  in 
a  circle,  was  stained. 

The  results  of  this  and  similar  experiments  have  recently  ac- 
quired great  significance  from  the  researches  of  Wieler*and  Stras- 
burger.®  They  may  indeed  be  utilised  to  establish  the  position 
that  the  movement  of  water  in  the  plant  takes  place  in  the  wood. 
In  discussing,  however,  the  results  of  these  experiments  with 
pigment  solutions,  it  is  always  necessary,  especially  as  regards 
details,  to  be  very  cautious. 

A  leaf- bearing  branch  of  Robinia,  about  20  mm.  in  diameter, 
which  has  been  standing  for  some  time  in  water,  is  placed  in  an 
aqueous  solution  of  eosin,  without  its  cut  surface  being  exposed 
to  the  air.  The  eosin  solution  must  be  so  dilute  that  a  thickness 
of  10  cm.  is  still  transparent.  Examination  at  the  end  of  a  few 
hours  teaches  that  only  the  outer  parts  of  the  wood,  not  the 
central  parts,  are  stained.  The  latter  no  longer  conduct  water. 
If  the  experiment  does  not  continue  too  long,  it  is  also  easy  to 
prove,  fi-oni  the  distribution  of  the  eosin,  that  only  the  tracheal 
paths,  and  not  wood  fibres,  take  part  in  the  conduction  of  the 
water.     The  latter  remain  unstained. 

If  Tilia  branches  are  treated  in  the  same  way,  and  examined 
after  a  few  hours,  the  eosin  can  only  be  detected  in  the  vessels 
and  tracheides.  Wood  fibres  and  bast  remain  unstained.  In  ex- 
periments with  Aristolochia  the  wood  stains  ;  the  ring  of  scleren- 
chyma  fibres  remains  unstained. 

Having  thus  determined  that  the  movement  of  the  water  takes 
place  in  the  tracheal  channels,  we  will  now  show  that  the  conduc- 
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tion  does  not,  as  was  supposed,  take  place  in  the  lignified  mem- 
branes of  -the  elements  of  the  xylem,  but  in  their  cavities.* 

I  made  investigations  on  this  subject  as  follows : — Two  shoots 
of  Salix  fragilis  (a  and  h)  are  cut  and  placed  with  their  bases  in 
glasses  of  water.  The  water  for  a  was  covered  with  a  layer  of 
olive  oil :  a  and  h  were  now  placed  in  the  apparatus  depicted  in 
Fig.  84,  the  porcelain  dish  and  crystallising  glass  having  previ- 
ously been  supplied  with  Calcium  chloride,  and  the  air  in  the  zinc 
cylinder  having  been  heated  to  32°  C.  After  an  hour  b  was  taken 
out  and  put  in  a  glass  containing  3  per  cent,  gelatine  solution, 
which  was  then  covered  with  olive  oil.  a  and  b  were  now  kept  in 
the  apparatus  for  another  hour.  The  shoots  transpired,  and  b  in 
doing  so  absorbed  the  gelatine  solution.  At  the  end  of  the  time 
both  of  them  were  taken  out  of  the  apparatus.  A  piece  a  few  cm. 
in  length  was  cut  from  the  base  of  6,  and  the  shoot  was  dipped 
with  the  fresh-cut  surface  in  water ;  both  were  now  left  at  20°  C. 
The  gelatine  stiffened  in  the  vessels  of  6,  and  this  interfered  with 
the  movement  of  water  in  them.  Thus  at  the  end  of  twenty-four 
hours  the  leaves  of  b  were  withered,  while  those  of  the  control 
shoot  a  still  appeared  fresh. 

The  following  experiment  leads  to  the  same  result.^  At  mid- 
day, or  in  the  afternoon  of  a  sunny  summer  day,  shoots  of  Vitis 
are  cut  under  a  gelatine  solution  (20  parts  of  gelatine  to  100  parts 
of  water)  tinted  with  Indian  ink.  The  fluid  is  heated  to  33°  C,  at 
which  temperature  it  is  perfectly  fluid.  If  we  now  rapidly  put 
the  shoots  with  their  bases  in  cold  water,  and  renew  the  cut  sur- 
face, they  soon  wither,  since  the  wood  elements  cannot  conduct 
water  owing  to  "the  plugging  of  their  lumina  by  the  congealed 
gelatine.  Shoots  of  Vitis,  cut  off  under  water  and  left  standing 
in  it,  keep  fresh  for  a  long  time.  (See  also  Strasburger's  cited 
work,  p.  697.) 

As  regards  the  forces  by  which  the  raising  of  water  in  the  plant 
is  brought  about,  these  are  not  yet  determined  with  certainty. 
Unfortunately  there  is  still  no  theory  as  to  the  movement  of  water 
in  plants  which  is  satisfactory  from  all  sides.^  Perhaps  the  views 
advanced  by  Westermeyer  and  Godlewrski  as  to  the  causes  of  the 
water  current  come  nearest  to  the  truth ;  Strasburger's  view, 
however,  may  perhaps  be  correct.*     We  must  trust  to  the  future 

*  I  have  not  yet  been  able  to  repeat  Strasburger*8  remarkable  experimeuts 
with  killed  plants. 
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to  bring  deeper  insight,  and  this  is  not  the  place  to  parsae  the 
'  snbject  further.  We  will  therefore  proceed  to  study  varions 
phenomena  (see  85  also  as  to  the  ease  with  which  water  mores  in 
the  wood),  which  are  at  all  event*  of  great  importance  in  helping 
as  to  realise  the  causes  of  the  movement  of  water  in  plants. 

We  cat  off  two  shoots  of  Impatiens  as  similar  as  poHsible,  and 
place  them  both  with  their  lower  ends  in  water.  Both  shoots  are 
first  left  for  a  few  hours  under  a  large  bell-glass,  the  wall  of 
which  has  been  moistened  on  the  inside  with  water.  We  then  pnt 
them  with  their  cut  ends  in  a  solution  of  methyl  green  or  eosin, 
One  shoot  is  exposed  to  conditions  which  permit  vigorous  tran- 
spiration. The  other  we  pro- 
tect as  far  as  possible  from 
loss  of  water  by  leaving  it 
under  a  bell-glass.  In  the 
latter  the  pigment  solution  rises 
only  slightly,  while  in  the 
actively  transpiring  shoot  it 
rises  in  a  short  time  to  a  con- 
siderable height  in  the  vascalar 
bundles. 

The  effect  of  transpiration 
may  also  be  determined  by 
experiments  of  another  kind. 
We  employ  for  the  purpose  the 
appamtns  drawn  in  Fig.  86. 
By  means  of  a  piece  of  rubber 
tubing  a  leafy  shoot  is  con- 
nected air-tight  with  a  straight 
glass  tube,  which  is  then  filled 
with  water  and  dipped  into 
mercury.  As  the  water  is  nsed 
up  in  consequence  of  transpira- 
tion, mercury  enters  the  tnbe. 
I  found  that  during  fairly 
active  transpiration  it  may  rise 
several  centimetres  in  a  few 
hours  (I  used,  e.g.,  shoots  of 
Lonicera  tatarica). 

If  in  the  early  spring  (at  the 
end  of  March  or  the  beginning  of 


THE  MOLECULAK  FORCES  IN  PLANTS.  229 

April)  we  bore  a  hole  into  the  trunk  of  a  birch  ti-ee,  not  far  above 
the  ground,  and  by  means  of  rubber  tubing  or  sealing  wax  fasten 
into  it,  air-tight,  one  limb  of  a  glass  tube  bent  at  right  angles, 
it  will  be  found,  especially  during  the  night,  that  a  considerable 
quantity  of  fluid  will  be  forced  out  of  the  tree  owing  to  root 
pressure.  If  we  repeat  the  experiment  in  summer,  e.g.  in  June, 
not  a  drop  of  sap  flows  out,  and  indeed  water  may  even  be  sucked 
up  into  the  stem,  as  may  easily  be  determined  by  dipping  the  free 
end  of  the  tube  into  water.  This  phenomenon  is  the  result  of 
transpiration. 

If  a  transpiring  plant,  the  elements  of  whose  wood  at  first  con- 
tain large  quantities  of  water,  has  not  at  its  disposal  a  good  supply 
of  fluid — and  this  will  especially  be  the  case  in  summer — then  the 
water  gradually  disappears  from  the  lumina  of  the  wood  vessels 
and  tracheides. 

As  was  shown  earlier,  air  only  passes  with  difficulty  from  the 
intercellular  air  system  into  the  cellular  system,  and  the  quantity 
of  air  which  the  water  present  in  plants  holds  in  solution,  and 
under  certain  conditions  can  give  o£E  to  its  surroundings,  is  not 
considerable.  Therefore,  during  strong  transpiration  in  summer, 
the  wood  elements  do  not  contain  water  alone,  but  in  addition 
there  is  present  a  large  quantity  of  moist  rarefied  air,  a  fact 
which  has  already  been  referred  to  on  p.  182. 

If  we  cut  out  a  piece  of  wood  from  a  transpiring  tree,  and  throw 
it  into  water,  it  will  float  on  the  surface.  If  the  lumina  of  the 
wood  elements  had  been  completely  filled  with  water,  it  would 
have  sunk,  since  the  specific  gravity  of  wood  substance  in  itself  is 
greater  than  that  of  water.  A  piece  of  fresh  wood,  however, 
thrown  into  water  gradually  sinks  deeper  in  the  fluid,  and  at  the 
same  time  it  increases  in  weight,  a  fact  which  can  only  be  due  to 
absorption  of  water. 

The  following  investigation  also  teaches  that  while  under  some 
conditions  the  lumina  of  the  wood  elements  are  completely  filled 
with  water,  this  can  certainly  not  be  the  case  always.''  Two 
vigorous  specimens  of  Cucurbita,  or  of  some  species  of  Begonia, 
are  decapitated  and  provided  with  tubes  in  the  manner  shown  in 
Fig.  73,  one  of  the  plants  having  previously  been  allowed  to  tran- 
spire  for  a  day,  while  the  other  has  been  protected  from  consider- 
able loss  of  water  by  covering  with  a  bell-glass.  The  latter  plant 
at  once  yields  sap,  which  nnder  the  influence  of  root  pressure 
rises  in  the  tube.     The  former  at  first  does  not  yield  sap  ;  it  even 
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somewhat  eagerly  sucks  np  water  poured  into  the  tube.     The  sap 
only  gradually  begins  to  flow. 

^  Dutroohet,  Mimoiret  pour  iervir  h  Vhittoire  aiwiomique  et  phyiiologique  de 
vigiiauxy  1837,  p.  193. 

>  See  Wieler,  Jahrbiicher  f.  wistentchl.  Botanik,  Bd.  19. 

'  See  Strasbarger,  Bau  und  Verrichtung  der  Leitungtbahnen,  Jena,  1891,  pp. 
519  and  569. 

^  See  Elfviog,  Botan.  Zeitung^  1882,  p.  714 ;  Vesque,  Ann,  d,  sc,  nat,  Bot, 
VI.  S6r.,  T.  XIX.,  p.  188  ;  Scheit,  Botan,  Zeitung,  1884,  p.  201 ;  Errera,  CompUt 
rend,  de  la  toe,  roy,  de  bot.  de  Belgique,  T.  XXV.,  II.  Th.,  p.  28 ;  Strasburger, 
Bau  und  Verrichtung  der  Leitungshahnen,  Jena,  1891,  p.  541. 

^  See  Errera,  Beriehte  d.  Deutschen  botan.  GetelUchaJt^  Bd.  4,  p.  16. 

**  Literature  respeoting  the  movement  of  water:  Saohs,  Lectures  on  thf. 
Physiology  of  Plants ;  Hartig,  Oasdrucktheorie,  1883 ;  Westermejer,  Beriehte 
d,  Deutschen  botan.  Qesellschaft,  1883 ;  Godlewski,  Jahrbiicher  f.  wiwensehl 
Botaniky  Bd.  15 ;  Soheit,  Jenaische  Zeitschrift  f.  Naturwissenschaft^  N.F.  Bd. 
12 ;  Strasburger,  Bau  und  Verrichtung  der  Leitungtbahnen  in  d*.n  PJiamen,  Jenfl, 
1891;  Sohwendener,  Sitzungtberichtt  d.  Akadem.  d.  Wiss.  zu  Berlin^  1892. 

'  See  Detmer,  Beitrage  zur  Theorie  d.  Wurzeldrucks,  in  Preyer's  Physiolo- 
gische  Abhandlungen,  1877,  Bd.  1,  Heft  8,  p.  37. 

85.    The  Mobility  of  the  Water  in  the  Wood. 

We  cut  from  a  trunk  or  bough 
of  Abies  pectinata,  2-4  cm.  in 
diameter,  a  piece  15-30  cm.  in 
length.  It  must  be  very  rich  in 
water,  and  therefoi*e  it  is  best  to 
take  it  in  winter  from  a  living 
plant,  and  possibly  place  it  in 
water  for  some  time  before  the  ex- 
periment. The  carefully  smoothed 
cut  surfaces  of  the  wood  appear 
dry.  If,  however,  holding  the 
object  vertically,  we  place  a  thin 
layer  of  water  on  its  upper  sur- 
face with  a  paint  brush,  we  may 
observe  that  this  water  rapidly 
sinks  into  the  wood,  while  the 
lower  cut  surface  becomes  moist. 
Rapidly  turning  the  piece  of  wood 
upside  down,  a  repetition  of  the 
process  is  to  be  observed.  A 
Fio.  87.— Apparatus  for  demonstrat-      minimal     pressure     is     therefore 

ing  the  readiness  with  which   water  ie    •       i      f  i      .  .'  .!_ 

moves  in  the  wood.  sumcient    to    set    in    motion   the 
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threads  of  water  present  in  the 
wood.  The  following  experiment 
leads  to  the  same  conclnsion.  If 
we  fix  a  piece  of  fresh  fir  wood  in 
the  shorter  limb  of  a  U-shaped  glass 
tube,  and  fill  the  tube  with  water, 
fluid  escapes  from  the  upper  cut 
surface  until  the  pressure  is  com- 
pletely equalised.  A  sti*aight  glass 
tube,  G  (see  Fig.  87),  2-4  cm.  wide, 
is  closed  at  one  end  with  a  per- 
forated rubber  stopper,  through 
which  passes  the  thin  glass  tube  R. 
Into  the  other  end  is  cemented  air. 
tight  a  fresh  piece  of  fir-wood  (I 
used  a  piece  15  cm.  long  and  2  cm. 
in  diameter).  The  tube  i2,  bent 
twice  at  right  angles,  is  in  con- 
nection with  the  flask  K,  which 
in  turn  is  connected  bj  means  of 
the  glass  tube  R'  with  an  air- 
pump.  If  we  dip  the  free  cut 
surface  of  the  wood  into  water 
and  exhaust,  water  at  once  filters 
through  the  wood  into  the  wide 
glass  tube.  We  now  put  together 
the  apparatus  represented  in  Fig. 
88. 

The  very  large  funnel  T  hangs 
in  the  iron  ring  of  a  heavy  ring 
stand  placed  on  a  high  cupboard. 
The  tube  of  the  funnel  is  connected 
by  rubber  tubing  with  the  glass 
tube  G,  about  150  cm.  in  length, 
whose  lower  end  passes  into  a  wide 
glass  tube,  G'.  The  lower  part  of 
this  last  is  closed  air-tight  with  a 
piece  of  a  branch  of  Abies  pectinaia 
or  Taxus  baccata,  A^  6  cm.  long 
and  2  cm.  in  diameter.     The  whole 

i?ii    J       •  1       J*  ^'*"  **•— -Appftratus  for  domonstrat- 

apparatuS    is    now      filled  with     dlS-    in^    the  readinesa  with    which  water 

moves  in  the  wocd,  and  the  fact  that 
the  closing  membrRnes  of  the  bordered 
pita  of  the  tracheideft  axe  \m\k«TlQT«9(A. 
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tilled  water  free  from  dust.  The  pressure  forces  the  \rater 
through  the  piece  of  branch,  which  may  be  either  used  with  or 
without  removal  of  the  cortex,  so  that  in  a  short  time  a  consider- 
able quantity  of  water  filters  through.  The  rate  of  flow  becomes 
less  in  time  as  we  readily  observe.  This  happens  even  if  we 
take  care  to  keep  the  level  of  the  water  in  the  funnel  always  at 
the  same  height,  and  the  cause  of  the  phenomenon  is  to  be  sought 
in  a  gradual  change  {Verunreiniguiuf)  in  the  cut  surface  of  the 
wood  through  which  the  water  enters. 

We  now  make  another  experiment  with  our  apparatus,  filling 
it  not  with  clean  water  but  with  water  containing  very  finely 
divided  Cinnabar  in  suspension.  A  large  quantity  of  distilled 
water  is  treated  with  the  best  Cinnabar,  and  the  fluid  is  filtered 
several  times,  so  that  only  the  very  finest  particles  remain  bus* 
pended  in  it,  which  do  not  settle  to  the  bottom  even  in  the  course 
of  several  days.  The  water  whicb  filters  in  the  course  of  one  to 
two  days  through  the  cylinder  of  wood  at  the  lower  end  of  our 
apparatus  is  perfectly  clear.  Examination  of  the  piece  of  wood  it- 
self shows  that  only  its  upper  end,  to  a  depth  of  a  few  millimetres, 
is  impregnated  with  Cinnabar.  Microscopic  examination  of  deli- 
cate sections  of  the  wood  demonstrates  the  presence  of  Cinnabar 
in  the  tracheides,  and  we  ultimately  come  to  the  following  inter- 
pretation of  the  results  of  our  experiment. 

Naturally  the  tracheides  at  the  cut  surface  of  the  cylinder  of 
wood  used  in  the  experiment  have  been  opened  in  cutting  it. 
During  filtration,  water  and  Cinnabar  penetrate  into  these  tra- 
cheides. No  doubt  at  all  now  exists  that  water,  even  under  a 
minimal  pressure,  filters  through  the  closing  membranes  of  the 
bordered  pits  of  tracheides;  all  our  experiments  bring  this  fact 
clearly  into  view.  The  particles  of  Cinnabar,  however,  are  not 
able  to  pass  from  one  tracheide  into  another,  since  they  cannot 
traverse  the  closing  membranes  of  the  pits.  At  the  same  time  the 
experiment  offers  direct  proof  of  the  presence  of  closing  mem- 
branes between  the  elements  of  coniferous  wood.^ 

The  ease  with  which  water  filters  through  wood  is  of  great  im- 
portance in  relation  to  the  passage  of  water  in  the  wood  masses  of 
plants. 


*  See  Th.  Hartig,  Botan,  Zeitung,  1863,  and  especially  Sachs,  ArbeiUn  d. 
botan.  Instituti  in  WUrzburgt  Bd.  2,  p.  296. 
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86.    The  Bate  at  which  Water  Moves  in  the  Plant. 

It  has  often  been  attempted  to  form  an  idea  of  the  rapidity 
with  which  water  moves  in  the  plant  bj  placing  the  objects  of 
investigation  with  their  bases  in  a  solution  of  colouring  matter, 
and  determining  the  height  at  which  the  colouring  matter  can  be 
detected  after  a  certain  time.  This  method,  however,  cannot  lead 
to  accurate  results.  The  absorbed  pigment  solution,  viz.,  disin- 
tegrates. The  colouring  matter  is  arrested  hy  certain  elements  of 
the  tissue  (especially  the  lignified  ones),  while  the  water  travels 
on.  We  can  easily  convince  ourselves  that  such  an  analysis  of 
the  pigment  solutions  is  possible  by  pouring  into  a  tall  glass 
cylinder  an  aqueous  solution  of  methyl  green  or  eosin  (the  latter ' 
of  such  strength  that  a  layer  10  cm.  in  thickness  is  still  trans- 
parent), and  covering  with  a  glass  plate  to  which  a  narrow  strip 
of  blotting-paper  has  been  attached  so  as  just  to  dip  at  the  bottom 
into  the  pigment  solution.  After  a  short  time  the  colouring 
matter  will  have  risen  to  a  certain  height  in  the  paper ;  but  the 
paper  is  moist  beyond  the  limit  to  which  the  pigment  has  pene- 
trated.    The  water  has  thus  risen  higher  than  the  pigment. 

If,  on  the  other  hand,  we  allow  a  strip  of  blotting-paper  to  dip 
into  a  solution  of  Lithium  nitrate  of  about  2  p.c.  strength,  it  is 
easy  to  prove  that  the  Lithium  salt  rises  to  the  same  height  as  the 
water.  Thus,  if  we  cut  off  the  nppermost  portion  of  the  paper 
reached  by  the  fluid,  and  hold  it  in  the  flame  of  a  Bnnsen  bunier, 
the  presence  of  Lithium  can  be  readily  observed  spectroscopically 
(by  the  presence  of  the  well-known  red  Lithium  line  in  the 
spectrum).  The  solution  of  Lithium  nitrate  has  often  been  used 
by  Sachs  ^  for  determining  the  I'ate  of  movement  of  w^ater  in 
plants,  and  we  will  make  our  experiments  according  to  his  method. 

It  is  best  at  first,  for  reasons  which  are  not  far  to  seek,  to 
experiment  with  perfectly  intact  rooted  plants,  and  not  with  por- 
tions severed  from  the  parent.  We  may,  e.gr.,  employ  willows. 
Shoots  of  last  year  are  cut  in  spring,  and  placed  in  food  solutions. 
In  a  few  months,  when  the  shoots  have  developed  a  copious  root 
system  and  numerous  leaves,  they  are  ready  for  investigation. 
Maize  plants  raised  by  the  water-culture  method  may  also  be  em- 
ployed ;  and  so  also  may  pot  plants  of  Nicotiana,  Cacurbita,  and 
Helianthus,  etc.,  grown  in  good  garden  soil.  The  plants  must  be 
vigorous  and  very  leaFy.  One  or  two  days  before  the  investigation 
proper  begins,  we  place  them  in  front  of  a  window  with  a  south 
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aspect,  so  that  they  are  exposed  to  the  sanshine  and  high  tem- 
perature.    Darinpf  this  period  the  soil  in  the  pots  is  not  watered. 
In  experiments   on   the   absorption   of   Lithium   solution,  plants 
vegetating  in  food  solutions  must  be  removed  fi*om  them  imme- 
diately before  the  experiments  begin,  and  placed  in  a  2  per  cent, 
solution  of  Lithium  nitrate.     If,  on  the  conti*ary,  we  work  with 
pot  plants,  the  soil  in  the  pots  must  be  thoroughly  soaked  witb  a 
2  per  cent,  solution  of  Lithium  nitrate.     The  plants  are  now  left 
exposed  to  very  favoni*able  conditions  for  transpiration.     At  the 
end  of  an  hour  we  sever  each  of  the  stems  above  the  soil,  cut  it 
up  from  above  downwards  into  small  pieces,  and  cut  ofE  the  leaves. 
In  these  operations  great  cleanliness  is  necessary  in  order  to  avoid 
conveying  the  Lithium  salt  which  may  be  present  in  one  part  of 
the  plant,  by  means  of  the  knife,  to  another  part.     To  test  for 
Lithium,  thin  pieces  of  the  stem  or  small  pieces  of  leaf  are  taken 
by  the  forceps  and   held  in   a   glass  flame,   towards   which  the 
spectroscope   is   directed.     Larger  quantities  of   Lithium  can  he 
recognised  immediately,   smaller  quantities  only  when   the  ash 
glows.     To  avoid  obtaining  too  high  a  value  for  the  height  to 
which  the  Lithium  salt  (and  therefore  also  the  water)  ascends,  we 
must  always  i*eckon  the  distance  of  the  highest  part-  of  the  Rt«m 
or  highest  leaf  in  whichj  Lithium  is  detected,  only  from  the  root- 
neck  [collnm].     It  is  also  frequently  a  good  plan  not  to  decapitate 
the  plant,  but  simply  to  cut  ofE  pieces  of  leaf  after  the  experiment 
has  proceeded  for  a  certain  time,  and  test  these  for  Lithium.     It 
is  worthy  of  observation  that  we  can  sometimes  recognise  con- 
siderable quantities  of  absorbed  Lithium  in  the  leaves  of  the  plants 
when  it  is  not  to  be  detected  in  the  lower  parts  of  the  stem,  a  fact 
of  which  I  satisfied  myself  in  testing  Sachs'  method  for  deter- 
minating  the  rate  of   water   conduction   in   plants.      Often  the 
Lithium  obviously  accumulates  in  the  leaf  tissues  in  larger  quan- 
tities than  in  the  stem.     Sachs  made  the  following  determinations 
of  the  height  to  which  water  and  Lithium  salts  ascend  in  plants. 


Ascent  per  honr. 

Salix  fragilis 

85  cm. 

Zea  Mais     . 

.        .        .      36    „ 

Nicotiana  Tabacum 

,        .        .        .     118    „ 

Cucurbita  Pepo  . 

.        .        .      63    „ 

Helianthus  annuus 

.      63    .. 

Recently  experiments  with  pigment  solutions  for  determining 
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the  rate  of  water  condaction  have  gained  importance,  becanse 
Stras burger  *  has  shown  that  in  particular  eosin  solutions  of  the 
concentration  already  specified  serve  verj  well  for  the  expen- 
ments  even  with  separated  plant  structures.  The  results  obtained 
with  this  pigment  are,  it  is  true,  not  absolutely  exact,  but  still  they 
merit  attention.  On  a  hot  summer  day,  a  shoot  of  a  plant  of 
Hnmulus  or  Bryonia  growing  in  the  open  is  cut  through  at  the  base 
under  water.  The  Qui  surface  is  now  left  for  half  an  hour  or  an 
hour  in  the  water,  and  the  shoot  is  then  conveyed  to  the  eosin  solu- 
tion. This  precaution  is  necessary  to  prevent  the  pigment  solution 
being  forced  into  the  object  by  the  atmospheric  pressure.  The 
eosin  rises  very  rapidly  in  the  transpiring  shoot.  It  may,  e.gr., 
advance  2-3  m.  in  half  an  hour,  as  is  shown  by  examination  of 
transverse  sections. 


*  Sachs,  Arbeiten  de$  botan,  Instituts  in  Wiirzhurg^  Bd.  2,  p.  148. 

*  See  Strasburger,  Hittologische  Beitrdge^  Heft  IIL,  pp.  550  and  590. 


87.    The  Withering  of  Plants. 

When  a  plant  constantly  loses  by  transpiration  more  water  than 
it  gains  by  absorption,  it  g^dually  withers.  Its  leaves  hang 
down  limp,  and  if  water  is  not  supplied  to  it,  it  ultimately  dries 
up.  If,  however,  we  water  the  soil  in  flower-pots  in  which  just 
withered  plants  (e.g.  beans  or  vegetable  marrows)  are  growing,  ^ 
the  cells  of  the  leaves  quickly  become  turgescent  again,  and  the 
plants  rapidly  assume  once  more  a  fresh  appearance.  The  same 
thing  is  seen  if  instead  of  supplying  water  to  the  plants  we  reduce 
their  transpii*ation,  e,g.  by  placing  them  under  a  bell-glass. 

If  very  leafy  shoots  of  trees  or  shrubs  are  cut  off  and  placed 
with  the  lower  end  of  their  woody  stems  in  water,  they  usually 
remain  fresh  for  days.  It  is  therefore  surprising  that  in  some 
plants  the  shoots,  when  so  treated,  wither  very  rapidly,  in  spite  of 
the  fact  that  their  stems  are  very  woody.  According  to  my 
observations  branches  of  Salix  fragilis  often  behave  in  this 
manner.  In  general,  however,  shoots  cut  off  and  placed  in  water, 
i-emain  fresh  for  a  longer  time  the  further  the  development  of 
the  wood  in  the  stem  has  advanced.  If  we  cut  off,  for  example, 
shoots  of  Helianthus  tuberosns,  about  I  metre  in  length,  and 
place  them  in  water,  they  keep  fresh  throughout  for  several  days  ; 
shoots  20-30  cm.  long,  on  the  other  hand,  very  quickly  wither 
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when  placed  in  water,  the  younger  unfolded  leaves  becoming  limp 
first,  and  then  the  older  ones. 

We  now  make  the  following  very  instructive  experiment  with 
Helianthus  tnberosus.     We  bend  down  a  long  shoot  without  sepa- 
rating it  from  the  plant,  and  without  cracking  it,  so  that  a  portion 
20  cm.  from   the   summit  dips  into   the   water   contained  in  a 
vessel  placed  below  it,  the  summit  of  the  stem,  and  the  leaves 
themselves,  not  being  wetted.     We  now  with  a  sharp  knife  cot 
through  the  stem  below  the  water,  so  as  to  sever  from  the  parent 
a  length  of  20  cm.  at  the  end  of  the  shoot,  taking  special  care 
that  the  cut  surface  is  not  exposed  to  the  air  at  all,  but  remains 
throughont  below  the  surface  of  the  water.     Our  shoot   keeps 
fresh  for  days,  while  other  Helianthus  shoots  of  the  same  length 
(20  cm.)  cut  ofE  in  the  air,  and  then  at  once  (say  after  one  to  two 
minutes)  placed  in  water,  rapidly  wither.     We  may,  however,  in 
various  ways  render  them  turgescent  again.     If  we  cut  off  a  few 
of  the  withered  leaves,  those  left  quickly  become  fresh  again,  since 
the  losses  of  the  shoot  by  transpiration  are  now  covered  by  the 
absorption  of  water.     A  withered  Helianthus  shoot  is  fixed  air- 
tight by  means  of  rubber  tubing  or   a   rubljer  stopper  in   the 
shorter  limb  of  a  U-shaped  glass  tube  containing  water,  so  that 
its  cut  end  dips  into  the  water.     Mercury  is  now  poured  into  the 
longer  limb  of  the  tube.     A  pressure  of  a  few  cm.  of  mercury  is 
not  indeed  sufficient  to  revive  the  withered  shoot,  but  if  the  water 
is  forced  into  the  withered  shoot  with  a  mercurial  pressure  of 
30-50  cm.,  it  becomes  turgescent  again.     With  a  sharp  knife  we 
cut  under  water  a  length  of  5  cm.  from  the  base  of  a  withered 
Helianthus  shoot,  20  cm.  long,  standing  in  water,  taking  care  that 
the  new  cut  surface  does  not  come  into  contact  with  the  air.     The 
shoot  will  quickly  assume  a  fresh  turgescent  appearance. 

Our  experiments  with  Helianthus  shoots,  which  we  may  repeat 
with  other  plants,  teach  first  of  all  the  important  fact  that  the 
shoots  wither  when  cut  ofF  in  air  and  then  placed  in  water,  while 
they  keep  fresh  when  cut  off  under  water.  There  are  several 
reasons  for  this.  When  a  portion  of  the  plant  is  cut  off  in  the  air, 
mucilaginous  or  gummy  substances  exuding  from  the  surface  of 
the  wound  do  not  get  removed.  They  are  left  adhering  to  the 
cut  surface,  and  so  render  the  tissue  less  capable  of  absorbing 
water.  Moreover,  the  negative  pressure  which  occurs  in  the  ele- 
ments of  the  wood  of  uninjured  transpiring  plants  (see  p.  182)  i.s 
more  or  less  neutralised  when  the  shoot  is  severed  in  the  air,  and 
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the  conduction  of  water  in  the  stem  is  thereby  greatly  prejudiced. 
These  various  injurious  results  do  not  appear  when  the  shoot  is 
cut  through  under  water,  as  it  is  easy  to  see.* 

*  See  H.  de  Vries  in  Jrbeiten  d.  botan.  Institutt  in  Wilrzburg,  Bd.  1,  p.  287, 
and  F.  v.  Hdhnel  in  Haberlandt's  Wuaemch.-prakt.  Forschungen  auf  d.  Geliete 
d,  Pfiamenhauet,  Bd.  2,  p.  120. 


Vli.    THE  ABSORPTION  OF  MINERAL  SUBSTANCES 

BY  PLANTS. 

88.    The  Roots  of  Plants  as  Organs  for  the  Absorption 

of  liineral  Substances. 

The  roots  serve  to  fix  the  plant  in  the  soil,  but  they  also 
function  as  organs  for  the  absorption  of  water  and.  mineral 
substances.  If  we  cultivate  plants  by  the  water-culture  method 
in  aqueous  food  solutions,  the  latter  function  is  exhibited  in  the 
clearest  manner.  But  oven  in  the  soil  in  which  plants  grow,  food 
solutions  are  present  in  abundance,  for  the  fluids  retained  by  the 
elements  of  the  soul,  and  circulating  between  them,  are  not  pure 
water,  but  dilute  food  solutions.  Water  acts  upon  the  elements 
of  the  soil,  dissolving  and  disintegrating  them.  They  give  up  to 
the  water  mineral  substances,  absorbed  or  still  more  closely  held 
by  them,  and  the  solvent  power  of  the  water  is  frequently  greatly 
increased  by  the  presence  of  large  quantities  of  Carbon  dioxide 
originating  in  the  soil  through  processes  of  decay. 

I  shall  not  here  enter  into  details  concerning  the  absorption 
of  mineral  substances  from  food  solutions  by  roots,  since  this 
question  is  to  be  considered  in  89.  We  shall,  however,  refer  to  a 
few  observations  which  are  of  interest  in  connection  with  the 
behaviour  of  roots  in  the  soil. 

We  germinate  a  few  wheat- grains  in  good  garden  soil,  in  a 
flower-pot,  and  carefully  remove  the  young  plants  from  it  when 
they  have  developed  four  or  five  roots.  If  we  vigorously  shake 
the  seedlings,  a  large  part  of  the  soil  adhering  to  the  1*0016  falls 
off,  but  a  certain  proportion  does  not  loosen  itself.  The  whole 
surface  of  the  roots  is  clothed  by  a  layer  of  soil ;  only  the  root- 
tips  are  free  from  clinging  particles  of  soil.  Careful  microscopical 
examination  of  the  roots  shows  that  their  tips  are  not  provided 
with  root- hairs,  while  they  are  very  abundantly  supplied  with 
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them  over  the  rest  of  their  snrfaoe.  To  these  elongated  onicel- 
lalar  organs  the  fine  elements  of  the  soil  cling  very  closely;  the  • 
hairs  actually  coalesce  with  the  particles  of  earth,  as  is  easily  seen 
under  high  mf^^ification.  The  root-hairs  are  the  organs  by 
means  of  nhich  the  absorption  of  water  and  mineral  Bobstances  is 
especially  effected.  They  withdraw  from  the  soil  the  dilnte  W 
solutions  present  in  it,  bat  farther,  by  acting  in  the  roaon^ 
described  in  91  on  the  closely  applied  elements  of  the  soil,  thej 
themselves  prepare  food  solutions  for  the  plants,  which  at  once 
pass  over  into  the  organism. 

If  we  grow  plants  of  Triticum  vulgare  for  about  five  weeks 
in  good  garden  earth,  and  then  carefully  take  them  out  of  t^e 
soil,  it  is  found,  after  vigorous  shaking,  that  uo  soil  remains  cling- 
ing to  the  root-tips  or  to  the  older  parts  ot  the  roots,  but  that  tha 
yonnger  regions  of  the  oi^ns  behind  the  growing  points  do 
retain  it.  These  younger  regions  are  covered  with  nnmeroue 
root-hairs,  while  the  hairs  of  the  older  parts  of  the  root  have 
already  perished.' 

Various  observers  have  determined  that  the  appearance  of  root- 
hairs  on  the  roots  of  plants  is  dependent  on  a  series  of  external 
factors,  of  which  moisture  must  be  regarded  as  the  most  impor- 
tant.* We  grow  seedlings  of  Zea,  Avena,  Triticum,  Pisnm, 
Pbaseolus,  in  fairly  moist  garden  soil,  and  determine  by  micro- 
scopic  examination  of  delicate  transverse  or  longitudinal  sections 
that  moderat-ely  developed  roots  have  under  these  conditions 
produced  numerous  hairs.  We  also  raise  a  few  plants  of  the 
kinds  named  without  putting  them  into  soil,  laying  the  seeds 
after  soaking,  or  aft«r  the  commencement  of  germination,  on  net- 
ting stretched  over  a  beaker  of  water.  We  place  this  in  a  crystal- 
lising glass  containing  water,  and  cover  it  with  a  bell-glass,  whose 
rim  mast  dip  into  the  water  in  the  glass.  Daring  germination 
we  prevent  the  plants  suffering  from  scarcity  of  Oxygen  by 
frequently  removing  the  bell-glass.  The  roots  of  many  plants 
(Avena,  Triticum)  thus  developing  in  water,  have  root-hairs  like 
the  roots  of  plants  grown  in  somewhat  moist  earth,  as  I  satisfied 
myself  by  experiments  with  Triticum  vulgare.  According  to  Fr. 
Scliwarz,  the  roots  of  Zea,  Pisum,  and  Phaseolus,  on  the  contrary, 
do  not  develop  root-hairs  when  grown  in  contact  with  water.  I 
must,  however,  remark  that  at  least  in  the  case  of  Zea  Mais, 
I  saw  numerous  root-hairs  appear  on  quite  normal  and  straight 
'a  which  had  developed  in  water.     Perhaps  the  roots  of 
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different  kinds  of  maize  do  not  behave  in  the  same  manner  in  this 
respect.  Perhaps  also  it  is  not  a  matter  of  indifference  whether 
the  roots  develop  in  spring  water,  or  in  distilled  water,  or  whether 
they  are  grown  in  darkness  or  light.  I  foand  that  the  main  roots 
of  peas  grown  in  distilled  water,  in  absence  of  light,  were  devoid 
of  root-hairs,  while  roots  grown  in  garden  soil  were  very  well 
supplied  with  them. 


'  See  Sachs,  Handbuch  dtr  ExperimentalphysiologU  der  PJlanzen^  1865,  p. 
185. 

*  See  Fr.  Schwarz  in  UntertttcJmngen  au$  d,  botan.  Irutitut  zu  Tubingent  Bd. 
1,  H.  2.  • 


89.    The  Absorption  of  Mineral  Substances  from  Nutrient 

Solutions  by  Roots. 

In  my  Lehrhuch  der  PflanzenphysMogie,  p.  136,  I  have  already 
pointed  out  that  the  conditions  relating  to  the  absorption  of 
mineral  substances  by  roots  from  solutions  of  food  stuffs  are  of  a 
very  complicated  nature,  and  are  still  by  no  means  satisfactorily 
elucidated.  The  result  which  is  finally  attained  is  not  only  de- 
pendent on  the  concentration  of  the  solution,  the  nature  of  the 
food  stuffs  employed,  their  consumption  in  the  plant,  etc.,  but 
also  on  the  nature  of  the  plant,  the  external  conditions  under 
which  it  is  growing,  and  many  other  circumstances.  Further 
investigations,  with  careful  analysis  of  the  whole  phenomenon, 
will  be  required  in  order  to  gain  fuller  information.  In  this  place 
we  will  consider  the  absorption  of  mineral  substance  by  roots 
which  have  at  their  disposal  an  aqueous  solution  of  a  single  salt, 
a  question  which  is  certainly  of  interest  in  connection  with  the 
absorption  of  mineral  substances  from  complete  food  solutions. 

We  soak  a  number  of  well-developed  seeds  of  Phaseolus  or  Zea, 
germinate  them  in  moist  sawdust,  and  determine  the  weight  of 
eaph  seedling.  Glass  vessels  of  rather  more  than  100  c.c.  capacity 
are  fitted  with  perforated  corks,  and  in  the  holes  of  these  we  fix 
the  seedlings  singly  by  means  of  cotton  wool.  Some  of  the  vessels 
have  been  previously  supplied  with  100  c.c.  of  a  0'250  per  cent, 
solution  of  Potassium  nitrate,  others  with  a  100  c.c.  of  a  O'OoO  per 
cent,  or  0025  per  cent,  solution  of  that  salt.  We  now  weigh 
the  vessels  with  their  seedlings,  and  then  leave  them  in  a  well- 
lighted  place  until  they  have  lost  about  50  gr.  in  weight,  so  that 
about  half  of  the  flaid  originally  present  has  been  sucked  up  by 


-Mi)  PHYSIOLOGY  OF  NUTRITION. 

t  lio  roots.     The  plants  are  now  removed  from  the  solations,  each 
i>(  wtuihed  with  distilled  water  (which  is  then  added  to  the  residual 
tluid  in  the  corresponding  vessel),  dried  with  blotting-paper,  and 
weighed.     We  thus  ascertain  on  the  one   hand  the  quantity  of 
water  which  the  plants  have  lost  in  the  form  of  vapour,  and  on 
the  other  the  amount  of  water  which  has  gone  to  form  a  vital  part 
of  the  plants.     There  is  a  source  of  error  in  our  experiment,  dne 
to  the  fact  that  the  cotton  wool  does  not  close  the  vessels  air- 
tight, and  so  a  small  quantity  of  water  can  escape  into  the  air 
without  the  help  of  the  plants.     It  is,  however,  easj  to  determine 
t\\o  magnitude  of  the  error,  and  eliminate  it  from  the  res^lt  by 
tilling  with  100  c.c.  of  salt  solution  a  few  glasses  not  provided 
with  plants,  but  merely  closed  with  a  cork  and  cotton  wool,  and 
thou  determining  the  loss  of  weight  which  these  undergo  during 
the  experiment.    Similai*ly  there  is,  of  course,  no  difficulty  at  all  in 
taking  into  consideration  the  increase  in  dry  weight  which  the 
planta    undergo  during   the  period  of  vegetation.      Finally,   we 
dutormine  the  weight  of  salt  contained  in  the  fluid  remaining  in 
tho  glasses,  by  boiling  to  dryness  and  weighing  the  residue.    Thus 
all  the  data  for  calculation  are  before  us.     From  these  we  find 
that  bean  plants  absorb  from  0*250  percent,  solutions  of  Potassium 
nitrate  relatively  much  water  and  but  little  salt,  the  fluid  left  in 
the  glasses  being  therefore  more  concentrated  than  the  solution 
originally  supplied  to  the  plants  (de  Saussure*8  law^).     In  contact 
with   0*050  per  cent,  or  0025  per  cent,  solutions  of  Potassium 
nitrate,  on  the  other  hand,  the  plants  absorb  a  comparatively  con- 
centrated solution,  the  fluid  remaining  in  the  vessels  being  more 
dilute  than  the  solution  originally  provided.*     At  all  events,  then, 
we   have   the  interesting   fact   that   the   roots  of  plants   absorb 
Holutions  placed  at  their  disposal  not  necessarily  in  the  form  in 
whieh  they  are  supplied,  but  with  a  particular  quantity  of  water 
they  take  up,  according  to  circumstances,  sometimes  a  smaller, 
Hometimes  a  larger  quantity  of  salt.     In  conclusion,  we  may  obtain 
an  approximately  correct  result  if  we   grow  bean   seedVngs,  as 
above,  in  glass  vessels  holding  100  c.c.  of  Potassium  nitrate  solu- 
tions of  different  strengths,  and  without  further  weighing  simply 
determine  the  amount  of  salt  in  the  fluids  left  in  the  vessels  after 
half  of  the  original  solution  has  been  absorbed. 


^  See  de  Sanssore,  Recherchet  tur  la  vigitatioUy  1804,  p.  217. 
»  See  W.  Wolf,  Veuuehsstationen,  Bd.  6  and  7. 
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90.    Corrosion  Phenomena. 

Boots  are  not  onlj  able  to  supply  plants  with  food  staffs  by 
the  absorption  of  ready-made  food  solutions,  but  they  are  also  able 
to  withdraw  from  the  compact  elements  of  the  soil  absorbed,  or 
even  still  more  firmly  bound,  substances.  The  absorbing  cells  of 
the  roots,  especially  the  root-hairs,  g^ve  out,  at  all  events,  as  we 
shall  see  in  91,  certain  substances  which,  on  reaching  the  mem- 
branes of  the  root-hairs,  impregnated  as  these  are  with  water  and 
closely  applied  to  the  particles  of  the  soil,  must  exert  a  solvent 
action  on  the  soil  particles.  In  this  way  the  elements  of  the  soil 
undergo  corrosion,  and  the  substances  thus  dissolved  by  the  agency 
of  the  roots  themselves  pass 
over  into,  the  plant. 

To  prove  that  roots  can  set 
up  corrosive  action,  we  make 
the  following  experiment.  A 
small  flower-pot  is  about  half 
filled  with  moist  sand,  on  which 
we  now  place  a  slab  of  marble 
carefully  polished  on  its  upper 

surface  (the  marble  plate  which        \  '  /' 

I  used,  and  which  in  the  course 
of  the  experiment  became 
corroded     in    the    manner    re-      ^'<**  89.— Slab  of  marble,  the  surface  of 

.    ^     .        -r,.        ...^  .  p,    which  has  been  corroded  by  the  roots  of  a 

presented  m    Fig.  89,  was  45  Phaseoius  plant. 
mm.   in   diameter  and   7   mm. 

thick).  The  flower-pot  is  now  completely  filled  up  with  moist 
sand,  and  in  this  is  laid  a  soaked  seed  of  Phaseoius,  which  quickly 
heg^ns  to  germinate.  The  roots  of  the  plant  force  their  way 
downwards  into  the  sand,  and  after  some  time  they  encounter  the 
slab  of  marble.  Over  this  they  grow  horizontally  till  they  come 
to  the  edge  of  it,  when  they  again  grow  more  or  less  vertically 
downwards  in  the  sand.  If  we  stop  the  experiment,  remove  the 
marble  from  the  soil,  wash  it  with  water  and  dry  with  a  soft 
towel,  we  shall  find  on  its  upper  surface  an  exact  representation 
of  the  roots  which  were  applied  to  it.  The  polish  has  been 
removed  at  the  places  of  contact  between  marble  and  roots.  I 
obtained,  as  indicated  in  Fig.  89,  rather  broad  lines  of  corrosion, 
•clearly  owing  to  the  corrosive  action  of  the  root-hairs  springing 
laterally  from  the  roots.      The  main  root  growing  downwards 

P.P.  R 


i     •  • 


t    NUTRITION. 


t«. 


aoit  took  the  direction  indicate  br 

Lviiicj,  while   the    remaining  lines  of 
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rhe  Causes  of  Corrosion  Phenomena. 

lu  obviously  can  only  result  from  the  fact  that 
II  close  approximation  to  the  stones  ot  particles 
certain  substances  capable  of  decomposing  them. 
1  'arbon  dioxide,  formed  in  the  cells  of  the  root  as  a 
{uriiLion,  will  first  be  thought  of;  but  organic  acids, 
i\arochloric  acid  also,  claim  consideration  in  this  con- 
I  ho  membranes  of  the  root-cells  are  permeated  with 
,,>ii.\  of  these  substances,  then  action  of  the  roots  on  the 
aiihy  constituents  of  the  soil  is  at  once  rendered  pos- 
:  I  lu:*  is  dearly  brought  out  by  the  following  experiment.* 
a  I   loi^vther  the  apparatus   represented  in  Fig.  90.     The 
vouiaius  dilute  Hydrochloric  acid.     Through  the  hole  of 

the  cork  closing  this  bottle  passes  the 
comparatively  wide  glass  tube  M,  covered 
at  its  lower  end  -with  a  piece  of  pig's 
bladder.  In  our  apparatus  the  fluid 
represents  the  cell  contents,  and  the 
bladder  the  membranes  of  the  root-cells. 
If  we  lay  a  bit  of  marble  on  the  bladder 
permeated  with  dilute  Hydrochloric  acid, 
it  is  soon  partially  dissolved,  and  the  solu- 
tion of  Calcium  chloride  formed  passes  by 
diffusion  into  the  Hydrochloric  acid.  We 
can  easily  detect  the  presence  of  Calcium 
UK     Ammmtus  for     jn    ^^q    flai(j     by    means    of    Ammonium 

<Mu.u  phenomena.         oxalate.    Similarly  the  solutions  permeating 


HtiH  oxneriment  wa?  first  made  by  Zoller  at  the  suggestion  of  Liebig. 
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the  membranes  of  the  ix>ot-celk  act  upon  the  stones  and  other 
elements  of  the  soil ;  corrosive  action  is  set  up,  and  the  sub- 
stances dissolved  are  absorbed  by  the  plant. 

From  the  following  experiments  which  I  recently  made,  but 
which  need  to  be  carried  still  further  in  order  to  definitely 
establish  the  relations  in  question,  it  appears  to  me  to  follow  that 
not  only  Carbon  dioxide  and  organic  acids,  but  also  Hydrochloric 
acid,  are  to  be  regarded  as  substances  which  are  of  importance  in 
setting  up  corrosive  action.  We  grow  maize  plants  by  the  water- 
culture  method  (see  1)  in  a  fluid  which  contains  in  1000  gr.  of 
water,  1*00  gr.  of  Calcium  sulphate,  0*25  gr.  of  Potassium  chloride, 
0*25  gi\  of  Magnesium  sulphate,  025  gr.  of  acid  Potassium 
phosphate,  and  a  little  Ferric  chloride.  The  culture  vessels  need 
be  large ;  it  is  sufficient  if  they  contain  250  c.c.  of  fluid.  When  the 
maize  plants  have  developed  their  fourth  leaf  in  the  non-nitrogen- 
ous food  solution,  they  are  at  any  rate  in  a  high  state  of  Nitrogen 
starvation.  Two  maize  plants  are  now  removed  fi'om  the  food 
solution,  and  transferred  to  two  vessels,  of  which  one  contains 
water,  a,  the  other  a  O'l  per  cent,  solution  of  Ammonium  chloride, 
6.  A  third  vessel,  c,  is  provided  with  Ammonium  chloride  solution 
alone,  without  a  plant;  one  plant  is  left  in  the  non-nitrogenous 
food  solution,  d ;  another  likewise  remains  in  the  original  food 
solution,  after  Ammonium  chloride  solution  (0*1  gr.  in  100  c.c.  of 
water)  has  been  added  to  it,  e.  After  about  eight  days  strips  of 
blue  litmus  paper  are  dipped  for  thirty  seconds  into  the  fluids  iu 
b  and  e,  others  for  fifteen  seconds  into  the  fluids  in  a  and  d,  and 
then  for  fifteen  seconds  into  the  fluid  in  c.  The  strips  of  litmus 
paper  introduced  into  b  and  e  become  more  intensely  red  in  colour 
than  the  other  two,  which  can  only  be  explained  on  the  assump- 
tion that  the  Ammonium  chloride  has  been  decomposed  by  the 
plants  with  formation  of  free  Hydrochloric  acid.  The  Ammonium 
chloride  penetrating  into  the  tissues  of  the  plants  meets  with 
organic  acids  in  the  cells.  These  decompose  the  chloride,  and 
since  the  Hydrochloric  acid  thus  formed  is  not  made  use  of  by  the 
plants,  it  escapes  into  the  food  solution,  and  increases  its  acidity. 

To  convince  ourselves  that  organic  acids,  even  outside  the  plant, 
can  decompose  chlorides  with  formation  of  Hydrochloric  acid,  the 
following  experiments  may  be  made  : — 

We  obtain  two  beakers  aud  pour  into  each  500  c.c.  of  distilled 
water.  To  a  we  add  3 ,  gr.  of  Oxalic  acid ;  to  6,  3  gr.  of  Oxalic 
acid  and  0*4  gr.  of   Sodium  chloride.     We  now  suspend  in  each 
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vessel  a  slab  of  marble  in  the  manner  described  in  25.  The 
fluid  in  a  remains  clear,  owing  to  the  fact  that  the  marble 
becomes  qnickly  coated  with  a  crust  of  Calcium  oxalate,  which 
retards  the  action  of  the  Oxalic  acid.  The  fluid  in  6,  on  the  other 
hand,  rapidly  becomes  very  turbid,  which  can  only  be  explained  as 
due  to  the  following  reaction.  The  Oxalic  acid  decomposes  the 
Sodium  chloride.  The  marble  is  acted  on  by  the  liberated  Hydro- 
chloric  acid  with  formation  of  Calcium  chloride.  On  this  the 
Oxalic  acid  now  acts,  and  the  Calcium  oxalate  so  formed,  which 
rapidly  collects  in  large  quantities  at  the  bottom  of  the  vessel, 
causes  the  turbidity  of  the  fluid. 

We  can  satisfy  ourselves  in  still  another  way  that  organic  acids 
are  able  to  decompose  chlorides.^     Six  culture  fluids  are  prepared : 
a,  15  c.c.  of  distilled  water ;  6,  15  c.c.  of  water  containing  0*020  gr. 
of  Citric  acid;  c,  15  c.c.  of  water  containing  0*7  gr.  of  Potassium 
chloride;  d,  15  c.c.  of  water  containing  0'7  gr.  of  Sodium  chloride; 
€,  15  c.c.  of  water  containing  0020  gr.  of  Citric  acid,  and  0*7  gr. 
of   Potassium  chloride  ;  /,  15  c.c.  of   water  containing  0020  gr. 
of  Citric  acid,  and  0*7  gr.  of  Sodium   chloride.     The   fluids  arc 
now  left  standing  for  about  twenty-four  houra,  and  then  to  each 
we  add  a  few  drops  of  a  very  dilute  aqueous  solution  of  methyl 
violet.     The  fluids  a,  ??,  c,  and  d,  exhibit  almost  the  same  violet 
tint ;  e  and  /,  on  the  other  hand,  are  distinctly  blue  in  colour.    This 
indicates  the  presence  of  free  Hydrochloric  acid,  since,  while  very 
dilute  solutions  of  Citric  acid  scarcely  affect  the  colour  of  methyl 
violet,  it  becomes  blue  in  presence  of  very   dilute   Hydrochloric 
acid.*  

1  See  Detmer,  Botaiu  Zeitung,  1884,  No.  50. 

92.    AbsorptiYe  Capacity  of  the  Soil. 

It  is  a  highly  important  fact  that  the  soil  is  able  to  retain  very 
energetically  (to  absorb)  a  number  of  substances  with  which  it 
comes  into  contact.  Potash,  ammonia,  and  Phosphoric  acid  are 
most  actively  absorbed  by  the  soil,  and  ai*e  therefore  prevented 
from  sinking  deeply  into  the  ground,  a  fact  which  is  obviously  of 

*  Giinsberg's  test  for  Hydrochlorio  acid  ia  presence  of  oblorides  is  also  very 
serviceable  here.  We  mix  1  gr.  of  vanillin  and  2  gr.  of  phloroglactn  with  30  gr. 
of  alcohol.  A  few  drops  of  this  mixture,  and  a  few  drops  of  the  fluid  under 
investigation,  are  placed  in  a  white  porcelain  dish.  If  a  red  colour  appears  on 
heating,  it  indicates  the  presence  of  free  Hydrochlorio  acid. 
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the  ntmost  significance  in  connection  with  plant  life.  If  salts 
solable  in  water,  and  containing  potash  ammonia  or  Phosphoric 
acid,  whether  thej  have  originated  in  the  soil  itself  or  have  been 
directly  added  to  it  from  outside,  come  into  contact  with  the 
minute  particles  of  the  soil,  they  are  absorbed  more  or  less 
actively,  according  to  the  character  of  the  soil.  They  become 
chemically  fixed,  and  we  will  now  proceed  to  determine  by  suitable 
experiments  the  absorption  of  one  substance,  viz.  ammonia  (Knop's 
method).' 

100  gr.  of  air-dry  fine  earth  are  intimately  mixed  with  10  gr. 
of  powdered  chalk,  and  treated  in  a  flask  with  200  c.c.  of  a  solution 
of  Ammonium  chloride,  containing  exactly  1  gr.  of  the  salt  in 
208  c.c.  of  water.  We  leave  the  soil  in  the  fluid  for  forty-eight 
hours,  fi'equently  shaking  it,  and  then  filter  ofE  40  c.c.  of  fluid,  and 
evaporate  this  down  to  about  10  c.c,  with  addition  of  a  drop  of 
pure  Hydrochloric  acid.  In  this  10  c.c.  of  fluid  we  determine  the 
quantity  of  Nitrogen,  and  also  in  40  c.c.  of  the  original  Ammonium 
chloride  solution,  which  has  also  been  similarly  concentrated  by 
evapoi*ation  to  10  c.c.  If  the  Ammonium  chloride  solution  has 
been  accurately  prepared,  40  c.c.  of  it  should  contain  exactly  40  c.c. 
of  Nitrogen  (at  0°  C.  and  760  mm.  barometric  pressure).  From 
the  results  of  the  Nitrogen  determinations,  for  which  we  use  an 
Azotometer  (see  Zeitschrift  f,  analytische  Chemie,  Bd.  9,  p.  226 
and  Bd.  13,  pp.  101  and  383)  and  brominated  soda  lye,  the  quantity 
of  ammonia  absorbed  by  the  soil  can  be  easily  calculated.  The 
brominated  solution  (solution  of  Sodium  hypobromite)  is  prepared 
by  dissolving  100  gr.  of  caustic  soda  in  1250  c.c.  of  water,  allowing 
to  cool,  and  then  adding  25  c.c.  of  Bromine.  We  use  for  each 
experiment  50  c.c.  of  this  fluid  to  10  c.c.  of  the  Ammonium 
chloride  solution  concentrated  by  evaporation.  To  determine  the 
Nitrogen  absorbed  by  60  c.c.  of  the  generating  fluid  (50  c.c.  of 
brominated  lye  and  10  c.c.  of  water)  we  employ  the  table  prepared 
by  Dietrich  (Zeitschrift  f.  analytische  Chemiey  Bd.  5).  The  Azoto- 
meter may  be  obtained  from  Ehrhardt  and  Metzger  in  Darmstadt 
at  a  price  of  about  30  mks. 

The  apparatus,  which  is  represented  in  Fig.  91,  consists  first  of 
a  generating  vessel  divided  into  two  parts  by  a  glass  septum — not 
visible  in  the  figure — which  does  not  extend  to  the  top.  In  one 
compartment  we  place  50  c.c.  of  the  brominated  soda,  in  the  other 
10  c.c.  of  the  research  fluid.  The  generating  vessel  is  closed  with 
a  rubber  stopper,  and 'placed  in  a  cooling  vessel,  which,  like  the  tall 
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glaaa  cylinder,  has  been  filled  with  water.  Throngh  the  cork  of 
the  generating  vessel  passes  a  glass  tube  provided  with  a  glass 
stop-cock.  This  ii 
connected  by  means 
of  rubber  tubing 
with  the  gtaduaUd 
glass  tube  in  the 
cylinder.  The  glass 
stop-cock  is  pulled 
ont,  and  the  com- 
tnnnicating  tubes 
within  the  cylinder 
are  filled  with  water 
by  squeezing  the 
rubber  ball  while 
keeping  the  clip 
open.  We  now  ran 
off  the  water 
throngh  the  clip 
till  the  bottom  of 
■  the 


rately  at  the  z 


of     the 


9  again  inserted,  but  si 
1  coramnnication  witl 


tubes  After  five  minutes  the  stop  cock  ii 
turned  that  the  generating  vessel  is  left  i 
the  graduated  tnbe  We  w  att  foi  a  little  time,  to  see  whether  tho 
level  of  the  water  in  the  latter  changes.  If  it  does,  the  glaits  stop- 
cock must  again  be  taken  out,  and  the  water  meniscus  once  more 
brought  to  zero. 

The  generating  vessel  is  now  removed  from  the  cooling  vessel. 
By  tilting  it  we  slowly  transfer  the  brominated  soda  to  the  fluid 
under  investigation,  after  running  off  through  the  clip  20-30  c.c. 
of  water.  We  then  close  the  stop-cock,  shake  the  generating 
vessel  vigorously,  and  again  open  the  stop-cock  so  as  to  allow  the 
liberated  Nitrogen  to  pass  over  into  tho  grada&ted  glass  tube. 
These  operations  are  repeated  several  times.  Then  the  generating 
vessel  is  returned  to  the  cooling  cylinder,  and  left  in  commanica- 
tion  by  means  of  the  stop-cock  with  the  graduated  tabe.  After 
about  fifteen  minutes,  it  will  have  assumed  its  original  tempera- 
ture, and  we  now  open  the  clip,  and  bring  the  water  to  the  same 
Ipvfl  in  the  two  communicating  tubes.     Finally  we  read  off  the 


THE  MOLECULAR  FORCES  IN  PLANTS.  247 

number  of  cubic  centimetres  of  Nitrogen  evolved,  the  temperature 
indicated  by  the  thermometer  in  the  cylinder,  and  the  barometric 
pressure.  The  reductions  of  the  gas  volumes  are  easily  carried 
out  by  means  of  the  tables  accompanying  the  apparatus. 


^  A  fall  account  of  the  absorptive  capacity  of  the  soil,  and  its  causes,  will  be 
found  in  Detmer,  Lehrbuch  d.  Bodenkunde^  Leipsic,  1876. 


I 


THIRD    SECTION. 

Metabolic  Processes  in  the  Plant. 

I.    THE   BEHAVIOUR  OF  NITROGENOUS   COMPOUNDS. 

93.    The  ProteidB  Which  can  be  Isolated  from  Plant  Structures. 

We  shall  here  entirely  disregard  the  organised  protoplasmic 
strnctnres  of  plant-cells,  already  dealt  with  in  46,  and  confine 
ourselves  to  showing  that  various  proteids  are  to  be  met  with 
in  the  vegetable  organism. 

If  we  grind  wheat  or  barley  fruits  to  powder  (about  25  gr.), 
and  leave  this  in  water  for  some  time,  we  can  obtain  by  filtration 
a  clear  liquid  in  which  the  presence  of  albumin  may  be  detected. 
On  heating  this  fluid  the  proteid  coagulates,  and  separates  oat  as 
a  clot.  If  we  filter  and  warm  the  juice  expressed  from  crushed 
fruits  (e.g.  grapes),  we  shall  again  obtain  a  coagulum  of  pro- 
teid. 

To  the  second  great  gpx)up  of  vegetable  proteids,  the  vegetable 
caseins,  belong  the  legumin  of  beans,  peas,  etc.,  the  conglutin  of 
lupins,  and  the  glutin-casein  of  grasses.  We  select  for  somewhat 
carefal  investigation  conglutin.  Seeds  of  Lupinus  luteus  are 
ground  up  in  a  small  hand  mill,  the  powder  (about  25  gr.)  is 
treated  with  distilled  water,  and  to  the  mixture  is  added  potash 
solution  until  the  fluid  has  a  slight  alkaline  reaction.  The  remains 
of  the  seeds  are  separated  by  means  of  a  hair-sieve  from  the 
conglutin-containing  fluid,  which  is  then  filtered  and  very  slightly 
acidified  with  Acetic  acid.  The  precipitated  conglutin  is  collected 
on  a  filter,  and  washed  with  water.  Conglutin  is  insoluble  in 
water.  If,  however,  we  suspend  some  conglutin  in  water,  and  treat 
it  with  Phosphoric,  Acetic  or  Citric  acid,  or  a  solution  of  Sodium 
phosphate  (Na2  H  P  O4),  it  dissolves.^ 
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Representatives  of  the  third  group  of  vegetable  proteids  are 
prasent  in  specially  large  quantities  in  wheat  flour.  This  is  mixed 
with  water,  and  the  paste  well  kneaded  between  the  hands  under 
a  continuous  fine  stream  of  water.  There  remains  behind  a  tough 
elastic  mass  of  glutin  with  which  only  small  quantities  of  starch 
are  mixed.  Glutin,  which  is  soluble  in  water  containing  potash, 
consists  of  a  series  of  pix)teids  (glntin-proteids),  viz.  glutin-fibrin, 
gliadin,  and  mucedin,  which  can  be  partially  isolated  from  it  by 
means  of  alcohol.^ 


'  For  more  detailed  information  see  Detmer,  in  WoUny'a  Forschungen  avf 
dem  Gebiete  der  Agrieulturphynik,  Bd.  2,  Heft  4.  I  do  not  here  deal  with  WejrrB 
researches  on  vegetable  casein  (see  Detmer,  Lehrbuch  der  Pfianzenphysiologie , 
1883,  p.  157). 

*  For  further  details  consult  Bitthausen,  Die  Eiweistttoffe  der  Getreidearten  ^ 
1872,  p.  28. 


94.     Hacrochemical  and  Hicrochemical  Keactions  of  Proteids. 

To  familiarise  ourselves  with  one  of  the  more  important  micro- 
chemical  proteid  reactions  (the  biuret  reaction),  an  aqueous  solu- 
tion of  albumin,  or  water  holding  in  suspension  conglutin  from 
lupin  seeds,  is  heated  to  boiling,  a  small  quantity  of  caustic  soda 
solution  is  added,  and  into  the  hot  fluid  is  introduced,  by  means  of 
a  glass  rod,  a  drop  of  Fehling's  solution.  The  presence  of  pro- 
teids is  indicated  by  a  violet  coloration  of  the  fluid.  To  prepare 
Fehling's  solution  34*65  gr.  of  Copper  sulphate,  purified  by  re- 
crystallisation,  are  dissolved  in  200  c.c.  of  water.  Also  173  gr. 
of  Sodium  Potassium  tartrate  are  dissolved  in  480  c.c.  of  a  solu- 
tion of  caustic  soda  of  sp.  gr.  1*14  (about  10  per  cent,  soda  lye). 
These  two  solutions  are  now  mixed  and  diluted  up  to  1000  c.c.  at  a 
temperature  of  15®  C. 

In  the  cells  of  the  parenchyma  of  Phased  us  cotyledons  there 
are  pi*esent,  besides  starch-grains,  large  quantities  of  proteids.  We 
may  therefoi-e  conveniently  employ  sections  (which  must  be  at 
least  two  cells  in  thickness)  of  bean  cotyledons  in  order  to 
familiarise  ourselves  with  the  microchemical  reactions  of  proteids. 
We  pour  into  an  evaporating  dish  a  few  cubic  centimetres  of  con- 
centrated Copper  sulphate  solution,^  or  a  solution  of  Capric 
tartrate,^  prepared  by  mixing  a  solution  of  5  parts  of  Copper 
sulphate  with  a  solution  of  9  parts  of  normal  Potassium  tar- 
trate, and  filtering  off  the  relatively  somevt'hat   insoluble  Potas- 
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siam  sulphate  produced.  The  sections  are  placed  in  one  of  the 
Copper  solutions,  removed'  after  a  few  minutes  with  the  forceps, 
superficially  washed  by  dipping  in  clean  water,  and  then  at  once 
laid  in  potash  solution  which  is  heated  to  boiling;  The  contents 
of  the  cells  take  on  a  violet  coloration  in  virtue  of  their  proteid 
contents* 

If  a  section  from  the  cotyledon  of  a  dry  pea  is  mounted  on  a 
slide  in  a  drop  of  glycerine  (2  parts  of  glycerine  to  1  part  of 
water),  covered  with  a  cover-glass,  and  treated  from  the  edge  of 
the  cover-glass  with  a  drop  of  Iodine  solution,  the  starch  grains 
at  once  take  on  a,  blue  coloration,  but  the  aleurone  grains,  and 
the  ground  mass  in  which  they  are  embedded,  become  yellow 
owing  to  their  richness  in  proteid. 

In  contact  with  sugar  and  Sulphuric  acid  proteids  become  red 
in  colour,  and  to  familiarise  ourselves  with  this  reaction  we  mount 
sections,  e.</.,  from  the  cotyledons  of  a  dry  bean  in  a  drop  of  con- 
centi'ated  cane-sugar  solution,  and  run  in  strong  Sulphuric  acid 
from  the  margin  of  the  cover-gla&s. 

If  sections  from  plant  structures  rich  in  proteids  are  placed  on 
a  slide  for  some  minutes  in  a  drop  of  cold  fuming  Nitric  acid,  and 
then  treated  with  ammonia,  they  take  on  an  intense  yellow  colour 
(Xanthoproteic  reaction). 

Millon's  reagent  stains  proteids  brick-red.  It  is  prepared  by 
treating  mercury,  without  warming,  with  an  equal  part  by  weight 
of  concentrated  fuming  Nitric  acid,  and  diluting,  after  the  metal 
has  dissolved,  with  an  equal  volume  of  water.  It  is  advisable 
only  to  use  the  reagent  when  freshly  prepared.  If  we  place 
sections  from  the  cotyledons  of  Pisnm  in  a  drop  of  the  reagent,  if 
necessary  slightly  warmed,  the  contents  of  the  cells  become  dis- 
organised; after  a  time,  however,  owing  to  the  presence  of  pro- 
teids they  stain  brick -red. 

In  recent  years  numeix)us  reagents  (particularly  solvents)  have 
been  used  for  acting  on  the  protoplasmic  structures  of  cells,  and 
on  the  results  obtained  has  been  based  the  view  that  a  whole 
series  of  different  proteid  substances  are  present  in  the  protoplasm, 
cell-nucleus,  etc.  It  is,  in  fact,  certain  that,  e.g.,  nuclein,  sl»  we 
shall  see  in  97,  has  properties  quite  different  from  those  of  an 

*  This  reaction,  however,  like  others,  is  not  absolutely  decisive.  The  test 
may  also  be  made  by  laying  the  sections  on  the  slide  in  a  drop  of  Fehling^s 
solutiou,  covering  with  a  cover-glass,  and  heating  till  the  formation  of  babbles 
ceases. 
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ordinary  proteid.  Nevertheless,  apart  from  this  and  a  few  other 
observations,  the  method  referred  to,  although  in  principle  nothing 
can  be  nrged  against  it,  has  led  to  no  very  valuable  results.  Thus, 
e.g.y  from  a  strict  chemical  standpoint,  we  cannot  consider  most 
of  the  results  obtained  in  this  direction  by  Frank  Schwartz  (see 
Cohn's  Beitrage  zur  Biologie  d,  PJlanzen,  Bd.  5,  H.  1)  to  be  of  any 
value. 


^  See  Sachs,  Pringsheim's  Jahrbucher^  Bd.  3,  p.  187. 
«  See  Pfeffer,  Pringsheim's  Jahrbucher,  Bd.  8,  p.  538. 

f5.  General  CoiiBiderations  KeBpecting  the  Behaviour  of  Proteids 

in  Plants. 

The  aleurone  grains  of  seeds  have  already  been  mentioned  in 
another  place.  They  contain  large  reserves  of  proteid,  and  just 
as  starch  grains  undergo  important  changes  in  the  germination 
of  seeds,  so  also  do  the  aleurone  grains  undergo  changes  when 
germination  begins.  '  The  protein  grains,  viz.,  are  dissolved,  and 
their  substance  is  utilised  for  the  formation  of  living  protoplasmic 
structures.  To  convince  ourselves  that  such  solution  does  take 
place,  we  need  only  germinate  seeds  of  Ricinus  communis,  and 
then  examine  as  thin  sections  as  possible  of  the  endosperm.  The 
proteid  grains  are  no  longer  seen  as  glistening  structures,  as  in 
dormant  seeds ;  their  outer  part  is  dissolved  up,  and  mixed  with 
the  ground  substance  to  form  a  cloudy  emulsion. 

If  we  grind  up  lupin  seeds  in  a  hand  mill,  and  treat  the  powder 
with  water,  we  can  readily  determine  that  large  quantities  of 
proteid  are  present  in  the  solution.  We  need  only  heat  the  fluid 
to  boiling,  and  add  some  potash  and  a  drop  of  Feliling's  solution. 
On  treating  lupin  seed  powder  with  water,  and  also  on  soaking 
uninjured  seeds,  it  is  conglutin  which  especially  passes  into  solu- 
tion. But  this  proteid  is  insoluble  in  pure  water.  Therefore 
substances  must  be  present  which  assist  its  solution.  If  we  test 
the  reaction  of  the  lupin  powder  extract  by  means  of  litmus 
paper,  it  is  found  to  be  somewhat  strongly  acid.  This  acid  re- 
action is  in  some  cases  due  to  the  Citric  acid  which  is  present  in 
many  kinds  of  lupin  (and  conglutin  is  of  course  soluble  in  Citric 
acid)  ;  it  may,  however,  be  due  to  another  cause.  If  we  stir  up 
.some  conglutin  in  water,  the  fluid  becomes  at  most  only  very 
slightly  acid  in  reaction ;  but  if  we  now  add  a  solution  of  Potas- 
sium phosphate  (K2  H  P  O4),  which  itself  has  a  slight  alkaline 
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reaction,  the  conglatin  dissolves,  and  the  flnid  becomes  mach  more 
strongly  a<;id  than  before.  The  proteid  removes  potash  from 
the  Kj  H  P  O4,  and  passes  into  solution,  while  on  the  other  hand 
acid  Potassium  phosphate  (K  H2  P  O4)  is  produced.  Now  the 
seeds  contain,  as  is  known,  comparatively  large  quantities  of 
potash  and  Phosphoric  acid,  and  if  they  are  exposed  to  water, 
then  it  follows  from  what  has  been  said  that  a  solution  will 
readily  be  formed  having  a  strongly  acid  reaction,  and  containing 
large  quantities  of  proteids  belonging  to  the  group  of  vegetable 
caseins.^ 

Experiments  have  already  been  indicated  in  another  place  (see 
19)  teaching  that  neither  ammonia  nor  free  Nitrogen  is  given  off 
as  a  result  of  metabolism  during  the  germination  of  seeds. 


*  See  Detmer,  in  Wollny*8  Forschungen  auf  dem  Gebiete  der  Agricultur- 
physik,  Bd.  2,  Heft  4. 

96.    Pepsin  and  Peptone. 

Proteids  as  such  are  not  able  to  pass  by  osmosis  through  cell- 
walls  or  membranes  of  a  similar  character.  It  is  therefore  of 
physiological  interest  that  many  plants  produce  ferments  which 
can  convert  proteids  into  peptones,  substances  which  are  at  least 
slightly  diffusible. 

Peptonizing  ferments  (pepsin)  are  secreted  by  the  glandular 
tentacles  of  Drosei'as,  and  are  present  in  the  fluid  secreted  by  the 
pitchers  of  Nepenthes,  and  also  in  many  latices  *  (e.g.  in  the  latex 
of  Carica  papaya).  If  neither  papayotin  (which,  however,  is  a 
commercial  article)  nor  a  pepsin -containing  latex  is  available, 
we  may  make  the  following  instructive  experiment  to  acquaint 
ourselves  at  least  with  the  process  of  peptonising.  A  pepsin 
solution,  viz.,  is  easily  prepared  by  extracting  fresh  pieces  of  the 
mucous  membrane  of  a  pig's  stomach  with  glycerine,  and  filtering. 
If  now  we  heat  about  500  c.c.  of  a  0*2  p.c.  aqueous  solution  of 
Hydrochloric  acid  in  a  porcelain  evaporating  dish,  on  the  water- 
bath,  to  a  temperature  of  40°  C,  and  digest  in  it  for  some  time  40 
gr.  of  fibrin,  so  as  to  cause  the  proteid  to  swell  up  as  mach  as 
possible,  then  the  addition  of  a  few  drops  of  the  ferment-con- 
taining glycerine  causes  in  a  few  minutes  almost  complete  pepto- 
nization and  solution  of  the  fibrin.  The  requisite  fibrin  (from  ox 
blood)  may  be  obtained  f  i*om  the  butcher,  and  may  be  preserved 
in  glycerine.     To  prepare  it  for  experiment,  we  wash  it  carefully 
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with  water,  and  then  place  it  in  the  warm  dilate  Hydrochloric 
acid.  If  we  nse  the  liquid  secreted  by  Nepenthes,  or  latices,  as 
oar  pepsin- containing  flaids,  care  mast  be  taken,  at  least  in 
many  cases,  that  the  dilate  Hydrochloric  acid  in  which  we  have 
placed  the  fibrin  to  swell  up  is  kept  for  a  long  time  at  a  tempera- 
tare  of  40°  C,  since  in  these  cases  the  peptonisation  often  does  not 
proceed  so  rapidly.  In  many  cases,  however,  the  presence  of 
pepsin  in  latices  may  be  detected  very  qnickly,  and  I  found  this 
to  be  the  case,  for  example,  in  the  following  experiment,  which 
can  easily  be  repeated.  A  few  cubic  centimetres  of  very  dilate 
Hydrochloric  acid  were  poured  into  a  test-tabe,  a  few  fragments 
of  fibrin  were  added,  and  the  test-tube  was  then  placed  in  water 
at  a  temperature  of  40°  C.  After  the  fibrin  had  swollen  up,  the 
fluid  was  treated  with  a  few  drops  of  latex  taken  from  the  stalks 
of  fig  fruits  cut  before  ripening.  The  peptonizing  and  solution  of 
the  fibrin  took  place  in  a  few  moments. 

When  pepsin  acts  on  proteids,  complicated  chemical  changes 
take  place.  Among  the  ultimate  products  are  various  peptones 
which  can  easily  be  detected  as  such  by  the  biuret  reaction.  If 
we  warm  a  small  quantity  of  a  peptone-containing  fluid,  neutra- 
lise with  potash,  and  then  add  Fehling's  solution,  the  mixtare 
does  not  take  on  a  violet  coloration  as  it  does  in  presence  of 
proteids,  bat  a  purple  red  colour. 


'  See  especially  Hansen^  Arbeiten  des  botan,  Instituts  in  Wurzhurg^  Bd.  3, 
Heft  2.    Also,  respecting  the  ocoarrence  of  pepsin  in  seedlings,  see  Nenmeister 
ZeitschHft  f.  Biologic,  Bd.  30. 


97.    Nuclein. 

While  protoplasm  is  especially  rich  in  pi-oteids,  nuclein  must  be 
regarded  as  a  characteristic  constituent  of  the  nuclens.  The 
Nitrogen-containing  nuclein  of  the  nucleus  is  distingaished  from 
proteids  by  containing  Phosphorns,  and  by  its  characteristic 
behaviour  towards  reagents.  In  the  latter  connection  it  is  par- 
ticularly important  to  notice  that  nnclein  is  not  attacked  by  fluids 
containing  pepsin.  To  observe  this  we  place  on  the  slide  a  frag- 
ment of  epidermis  from  the  under  side  of  a  Tradescantia  leaf  (I 
used  with  especially  good  results  Tradescantia  virginica),  and  add 
a  drop  of  pepsin-containing,  fluid  (a  mixture  of  1  part  by  volume 
of  glycerine  extract  of  pig*s  stomach,  with  3  parts  by  volume  of 
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0*2  per  cent.  Hydrochloric  acid).  Examination  shows  that  the 
protoplasm  contracts,  while  the  nuclei  in  the  cells  rapidly  become 
perfectly  homogeneous.  The  nuclei  then  increase  in  volume,  and 
ultimately  appear  as  yellowish,  highly  refringent  structures, 
which  undergo  no  further  change.  When  the  nuclei,  after  be- 
coming homogeneous,  begin  to  increase  in  size,  the  contracted 
protoplasm  at  one  or  more  points  swells  out  into  a  veBicle. 
Finally  this  bursts,  and  now  there  are  left  only  insignificant  proto- 
plasmic residues  surrounding  the  nucleus.  Dilute  Hydrochloric 
acid  does  not  alter  nuclei  treated  with  the  artificial  digestive 
fluid,  while  they  immediately  dissolve  in  dilute  soda  solution.^ 


1  See  Zacharias,  Botan.  Zeitung^  1881,  p.  169. 

98.    Hicroscopic  Tests  for  Asparagin. 

I  have  energetically  endeavoured  to  establish  the  view^  that  the 
living  proteid  molecules  of  the  protoplasm,  the  physiological  ele- 
ments as  I  term  them,  under  all  circumstances,  and  in  every  cell 
in  a  state  of  vital  activity,  break  down  by  dissociation  into  nitro- 
genous and  non-nitrogenous  compounds  (dissociation  hypothesis). 
These  last  are  broken  down  in  respiration,  and  provide  the 
material  necessary  for  the  growth  of  the  cells,  etc.,  while  the 
former  soon  accumulate  in  greater  or  less  quantities  in  the  cells, 

or  unite  with  non-nitrogenous  substances 
to  reform  proteids.  Moreover,  the  niti-o- 
genous  products  of  dissociation  of  the 
physiological  elements  of  the  protoplasm 
Fig.  92.  -  Asparagin  (asparagin,  glutamin,  leucin,  tyrosin,  allan- 
crystais.    (After   Zimmor-      toin)'  are  of  grekt  significance,  inasmuch  as 

they  play  an  important  part  in  the  trans- 
location of  substances  in  the  plant. 

Of  all  the  nitrogenous  decomposition  products  of  proteids, 
aspai-agin  (amidosuccinamic  acid)  appears  to  be  of  the  greatest 
importance.  For  this  I'eason  we  shall  give  it  particular  atten- 
tion, and  firstly  learn  how  to  detect  its  presence  in  plant-cells 
microchemically. 

Asparagin  is  almost  completely  insoluble  in  alcohol,  and  there- 
fore if  we  treat  a  concentrated  aqueous  solution  of  it  with  absolute 
alcohol,  the  asparagin  separates  out.  Similarly  by  means  of 
alcohol  we  can  precipitate  asparagin  occurring  in  solution  in  the 
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cell-sap,  and  since  the  crystals  produced  (belonging  to  the 
Thombic  system),  especially  those  which  appear  in  the  form  of 
rhombic  tables  with  an  obtase  angle  of  129°  18',  are  of  large  size 
and  characteristic  form,  it  is  possible  in  this  way  to  demonstrate 
Tuicrochemically  the  presence  of  the  acid  amide  in  cells  ^  (see  Fig. 
92). 

We  place  the  sections  (which  must  be  more  than  one  cell  thick, 
so  that  all  the  cells  are  not  opened)  in  a  watch-glass  containing 
absolute  alcohol,  rapidly  shake  them  aboat  in  the  fluid,  and 
examine  them.  If  only  a  very  small  quantity  of  asparagin  is 
present  in  the  cells,  it  is  best  to  treat  the  sections  on  the  slide 
with  absolute  alcohol,  lay  on  the  cover- glass,  and  examine  the 
preparation  after  drying. 

To  avoid  confusing  the  separated  crystals  of  asparagin  with 
other  bodies,  e.g,  crystals  of  Potassium  nitrate,  we  subsequently 
treat  the  sections  with  a  saturated  solution  of  asparagin.  If  the 
crystals  obtained  with  alcohol  actually  consist  of  asparagin,  they 
will  not  dissolve.  Crystals  of  other  substances  are,  on  the  other 
hand,  absorbed  by  the  asparagin  solution. 


*  See  Detmer,  Vergltichende  Physiologic  d,  Keimung$proces8e$  der  Samcn, 
1880,  Pringsheim's  JahrbUchtT^  Bd.  12,  Wollny's  Fonchungen  auf  d.  Gebiete  d. 
Agriculturphysikj  Bd.  6,  and  Lehrbuch  d.  Pjianzenphgdologie^  1883. 

*  See  Pfeffer,  Pringsheim's  Jahrblicher,  Bd.  8,  p.  533,  and  Borodin,  Botan. 
Zeitung,  1878,  p.  804. 


99.  The  Quantitative  Determination  of  the  Total  Amount  of 
Nitrogen  and  of  the  Nitrogen  Present  in  the  Prbteids 
and  Acid  Amides  in  Seedlings. 

From  a  large  quantity  o£  seeds  of  Lupinus  luteus  are  selected 
about  300,  very  normal,  and  alike  in  development.  We  deter- 
mine the  average  weight  of  a  single  seed,  and  estimate  the  dry 
weight  of  the  material  (see  I).  The  seeds  are  now  put  to  soak 
for  twenty-four  hours  in  water.  We  then  thoroughly  moisten  some 
sawdust  with  water,  and  fill  it  into  large  flower-pots  or  zinc  boxes, 
rubbing  it  between  the  hands,  and  letting  it  fall  into  the  pots  or 
zinc  boxes  so  aa  to  form  a  very'  loose  bed.  In  this  the  seeds  are 
laid,  covered  over  with  the  moist  sawdust,  and  put  aside  in  the 
dark,  at  a  temperature  of  say  20*^  C.  It  only  remains  to  take 
care  to  replace  the  water  lost  by  evaporation. 
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After  three,  five,  or  seven  days  we  select  seedlings  which  are  very 
similar.  They  are  cleansed,  pounded  in  a  mortar,  and  then  dried, 
at  first  on  the  water-bath  with  frequent  stirring,  and  afterwards  in 
the  drying  chamber  at  a  temperature  of  50°  C  to  60°  C.  The  resi- 
due is  now  left  in  the  air  for  twenty- four  hours,  loosely  covered ;  it 
is  weighed,  and  then  samples  are  at  once  taken  for  determinations 
of  the  quantity  of  dry  substance.  We  now  know  the  dry  weight  of 
the  seedlings  obtained.  The  dry  weight  of  the  corresponding  num- 
ber of  seeds  is  likewise  known,  and  we  are  therefore  in  a  position 
to  reduce  the  results  of  the  researches  following  to  quantities  of  drj 
substance  corresponding  with  seeds  and  seedlings  respectively. 

To  determine  the  total  Nitrogen,  1-2  gr.  of  dry  substance  of  the 
seeds  and  seedlings,  well  powdered,  is  examined  by  KjeldahVs 
method.  (See  in  Konig's  Untersuchung  landioirthschL  wichiiger 
Stoffe,  1891,  p.  150.) 

The  Nitrogen  of  the  proteids  is  determined  by  Stutzer's  method. 
(See  KOnig,  p.  212.) 

Subtracting  the  Nitrogen  of  the  proteids  from  the  total 
quantity  of  Nitrogen,  we  obtain  a  result  giving  the  quantity  of 
Nitrogen  in  the  non-proteid  compounds.  The  seeds  contain  only 
very  small  quantities  of  such  substances,  while  the  seedlings, 
especially  fairly  advanced  ones,  are  rich  in  amido-acids  and  acid 
amides,  etc. 

To  determine  specially  the  quantity  of  acid  amides  in  the  re- 
search material  (in  lupin  seedlings  asparagin  is  almost  the  only 
substance  present  belonging  to  this  group),  about  8  gr.  of  dry 
substance  ai»e  twice  extracted  for  an  hour  with  40  c.c.  of  cold 
water.  After  filtering  with  the  help  of  a  suction  pump,  the 
residue  is  boiled  once  with  50  c.c.  of  water,  and  then  the  filtrates, 
and  the  fluid  used  for  washing  the  residue,  are  put  together.* 
We  now  rapidly  boil  the  fluid  to  precipitate  the  dissolved  proteids, 
filter,  and  boil  the  filtrate  down  to  200  c.c. 

To  100  c.c.  we  add  10  c.c.  of  Hydrochloric  acid,  and  boil  for  one 
to  one  and  a  half  hours,  replacing  the  water  lost  in  the  process ; 
the  asparagin  is  thus  split  up  into  Asparagic  acid  and  ammonia. 
The  Nitrogen  of  the  ammonia  wo  determine  in  the  azotometer 
(see  92)  by  means  of  brominated  soda  solution  (prepared  by 
dissolving  100  gr.  of  caustic  soda  in  1250  c.c.  of  water,  and  treat- 

*  Should  there  be  any  difficulty  in  filtering  tho  fluid  after  boiling,  we  pass 
into  it  for  half  an  hour  a  rapid  stream  of  washed  Carbon  dioxide.  The  fil- 
tration will  then  proceed  very  rapidly. 
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ing  the  solution  when  perfectly  <;old  with  25  c.c.  of  Bromine). 
We  require  for  the  purpose  10  c.c.  of  the  fluid.  The  volume  of 
Nitrogen  found  is  reduced  to  0°  C.  and  76Q  mm.  barometric 
pressure,  and  it  is  then  easy  to  calculate  the  weight  of  the 
Nitrogen,  and  thence  the  quantity  of  anhydrous  asparagin 
( C4  Hg  O3  Ng)  present.  Seedling  extracts  frequently  contain 
small  quantities  of  a  body  which  at  once  yields  Nitrogen,  with- 
out previous  boiling  with  Hydrochloric  acid,  on  treatment  with 
brominated  soda  solution.  It  is  therefore  necessary  to  shake  up 
10  c.c.  of  the  extract  in  the  azotometer  with  the  soda  solution 
<lirectly,  and  to  subtract  the  Nitrogen  which  may  be  found  from 
that  obtained  after  boiling  the  extract  with  H  Cl.^  The  Nitrogen 
of  the  acid  amides  can  in  the  above  manner  be  determined  very 
accurately.  The  calculation  of  this  Nitrogen  as  asparagin  is  only 
in  some  measure  permissible  when  the  material,  as  is  the  case 
with  lupins,  contains  only  trifling  quantities  of  amides  other  than 
nsparagin. 


*  See  Sachsse,  Z)/>  Cliemie  und  PJiysialogie  d.  Farhstoffe,  etc.»  1877,  p.  257, 
nnd  Detzner,  Phynol.-chemische  Untersuchungen  iiber  die  Keimung^  etc.,  1Q75, 
p.  74. 


100.     Behaviour  of  ABparagin  in  Plants. 

If  it  is  required  to  obtain  information  as  to  the  physiological 
function  of  asparagin,  very  suitable  material  for  investigation  is 
provided  by  seedlings  of  Lupinus  luteus.  In  the  germination  of 
lupins  the  hypocotyl  elongates  very  considerably,  the  cotyledons 
are  raised  above  ground,  qnickly  strip  ofE  the  seed-coat,  and 
function  as  organs  of  assimilation.  The  epicotyl  then  at  once 
•elongates  also,  and  the  first  foliage  leaves  unfold.  The  hypocotyl 
has  developed  a  thick  cortical  parenchyma,  which  surrounds  the 
circle  of  vascular  bundles  and  the  pith.  In  the  stalks  of  the 
cotyledons  the  vascular  bundles  are  arranged  in  the  form  of  a 
half -moon.  The  ground  tissue  of  the  cotyledons  is  only  rich  in 
-chlorophyll  grains  in  the  peripheral  region.  According  to  the 
znicrochemical  reseaixjhes  of  PfefEer,  of  which  I  have  repeated  a 
large  number,  the  distribution  of  asparagin  in  the  seedling  of 
Lupinus  developing  under  normal  conditions,  in  sanlight,  is  as 
follows.  The  seeds  contain  no  asparagin.  When  the  root  has 
xittained  a   length   of    12  mm.,  and  the   hypocotyl  a   length  of 

P.P.  S 
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2-4  mm.,  there  is  present    in   these  organs,    and   in  the  lower 
plants  of  the  stalks  o£  the  cotyledons,  but  little  asparagin.    Seed- 
lings with  i*oots  30  or  40  mm.  in  length,  and  whose  cotyledons 
have  not  yet  been  thrnst  far  above  ground,  contain  asparagin  in 
the  root ;  it  is,  however,  absent  at  the  tip  of  the  root.    In  the 
cortical  cells  of  the  hypocotyl,  and  in  the  lower  parts  of  the  stalb 
of    the  cotyledons,   asparagin   is   present.     It  is,   however,  still 
absent  in  the  blades  of  the  cotyledons.      When  germination  has 
advanced  so  far  that  the  cotyledons  are  expanded,  asparagin  is 
present  in  them.     In  their  stalks,  and  especially  in  the  hypocotyl, 
very  large  quantities  of  asparagin  are  now  present.     It  occurs, 
however,  only  in  the  cortical  cells ;  in  the  elements  of  the  vascular 
bundles  it  is,  as  is  always  the  case,  entirely  wanting.     When  the 
epicotyl  lengthens,  asparagin  is  to  be  detected  here  also,  while 
the   other    organs   of    the    seedlings,   especially    the    hypocotyl 
gradually  become  poorer  in  asparagin.     As  the  development  of 
the  plant  proceeds,  under  normal  conditions  of  vegetation,  the 
asparagin  entirely  disappears  from  all  the  organs,  since  now,  in 
consequence  of  the  activity  of  assimilation,  such  large  quantities 
of    non-nitrogenous   organic   substances  are   produced,   that  the 
nitrogenous  bodies  formed  by  the  dissociation  of  the  physiological 
elements  can  at  once  be  reworked  up  entirely  into  proteids.    The 
fact  should  also  be  noted  that,  in  proportion  as  the  formation  of 
asparagin  advances  during  germination,  the  quantity  of   proteid 
reserve  in  the  receptacles  of  reserve  material  diminishes.     If,  for 
example,  we  examine  cotyledons  of  Lupinus  when  the  elongation 
of  the  epicotyl  is  beginning,  we  find  that  the  cell  contents  are 
already  much  cleared,  and  treatment  of  the  sections  with  Iodine 
shows  that  the  quantity  of  proteid  in  the  cells  is  no  longer  ex- 
cessive.^ 

To  prove  positively  that  the  reformation  of  proteid  from 
asparagin  can  only  be  effected  with  the  help  of  non-nitrogenous 
bodies,  we  fill  two  flower-pots  with  garden  soil  or  with  sand,  water 
well  with  food  solution,  and  lay  in  them  a  few  seeds  of  Lupinus 
luteus.  The  plants  in  one  pot  are  grown  under  quite  normal 
conditions  in  front  of  a  window.  The  other  pot  is  also  exposed 
to  light,  but  it  is  placed  in  the  apparatus  described  in  16,  and  the 
plants  grow  in  air  deprived  of  Carbon  dioxide.  They  ai*e  con- 
sequently unable  to  assimilate,  and  hence  their  growth  is  arrested 
when  the  second  leaflet  has  unfolded.  Now,  and  even  until  they 
die,  large  quantities  of  asparagin  are  to  be  detected  in  the  organs 
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of  the  seedlings,  especially  in  the  hypocotjl,  since  the  carbohy- 
drates necessary  for  the  regeneration  of  proteids  could  not  be 
produced.  At  the  time  when  the  plants  deprived  of  Carbon 
dioxide  contain  an  abundance  of  asparagin,  those  growing  under 
normal  conditions,  and  constantly  increasing  in  vigour,  no  longer 
contain  asparagin,  or  at  most  only  small  quantities  of  it.' 

If  seedlings  of  Lupin  us  are  grown  in  the  dark,  they  die  after 
some  time,  and  are  here  again  rich  in  asparagin,  since  under 
these  conditions  the  non- nitrogenous  material  necessary  for  the 
rejgeneration  of  proteids  is  wanting.  All  this  can  be  made  out 
by  microchemical  investigation  (see  98)  or  by  analysis  (see  99). 


*  See  Pfeffer,  Pringsheim*8  Jahrhiieher^  Bd.  8. 

•  See  Pfefifer,  Botan.  Zeitung,  1874,  p.  249. 


IL    RESPIRATION. 

101.    General  Experiments  on  Kespiration. 

The  methods  to  be  employed  in  accurate  I'esearches  on  respiration 
will  be  discussed  in  the  sections  following.  We  are  here  at  first 
only  concerned  with  demonstration  experiments,  which  will  afford 
us  a  general  view  of  the  different  forms  of  plant  respiration. 

We  procure  two  wide-mouthed  glass  cylinders.  In  one  we  put 
good  quantities  of  flowers  or  seedlings  (wheat,  peas,  beans),  and 
then  close  both  of  them  with  glass  stoppers  or  corks.  After  a^ew 
hours  we  introduce  into  each  cylinder  a  burning  taper  supported 
by  a  wire.  The  flame  is  extinguished  in  the  cylinder  provided 
with  plant  material ;  in  the  other  it  goes  on  burning.  The  respir- 
ing plants  have  used  up  the  Oxygen  of  the  air  within  the  cylinder, 
and  produced  Carbon  dioxide,  which  is  unable  to  support  combus- 
tion. 

This  simple  lecture  experiment  we  associate  with  another,  which 
directly  proves  the  production  of  Carbon  dioxide  as  a  result  of 
normal  respiration.  We  put  together  the  apparatus  represented 
in  Fig.  93.  The  bottle,  of  about  10  litres  capacity,  and  filled  with 
water,  serves  as  an  aspirator.  It  is  fitted  with  a  two-holed  cork, 
through  one  hole  of  which  passes  the  tube  G.  This  is  connected 
up  with  the  tube  i?,  which  is  provided  with  a  glass  stop-cock. 
Before  the  experiment  begins,  the  tubes  G  and  B  are  filled  with 
water.     The  tube   G  is  in  connection  with  a,  h,  c,  and  d.     The 
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■n  cylinders  a  and  c  contain    clear    bai'j-ta  wiitcr.    We 

treat  BaTium  hydrate  in   a  larg-e   flask  with   distilled 

water,  shake  well  repeatedly,  allow  to  settle,  aiid  after 

thoroughly  drying;  the  cylinders  n  and  c  inti-odiice  into 

ipjT^j^lP        them  a  sufficient  quantity  of  the  solution  by  means 

It  "tnhill  '^^  ^  well-dried    pipette.     The  U-tabe  b  contains  the 

K.i:^-.T  ^j[a_     respiring  plant  structures  (flowci-s  or  seedlings).     The 

lower  portion  of  the  vessel  d  contains  potash  solution,  the  upper 

portion  fragments  of  caustic  potash.     If  immediately  after  pnttiuf; 

together  the  apparatus,  we  open  slightly  the  stop-cock  of  the  tube 

R,  water  flows  from  the  tube,  and  a  stream  of  air  passes  tfarough 

the  whole  apparatus.     It  is  deprived  of  Carbon  dioxide  in  d,  and 

hence  the  baryta  water  in  c  remains  clear.     The  baryta  water  in 

a,  on  the  other  hand,  very  rapidly  becomes  turbid,  or  a  precipitate 

of  Barium  carbonate  may  be  thrown  down,    which   proves  that 

Carbon  dioxide  is  produced  by  the  plant  materia!  under  investiga- 

The  following  arrangement  serves  to  demonstrate  the  consump- 
tion of  Oxygen  in  normal  respiration  (see  Fig.  9'4).     In  a  wooden 
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aapport,  H,  hang  two  tubes  which  dip  at  the  bottom  into  water 
contained  in  the  beakers  O,  0'.  The  narrower  parts  A,  B  oi  the 
tubes,  about  45  cm.  in  length  and  15  mm.  in  diameter,  are  accu- 
rately calibrated  to  0*2  c.c.  The  upper  portions  W,  W\  30  cm. 
long  and  40  mm.  in  diameter,  are  closed  with  well-fitting,  care- 
fully selected  rubber  stoppers,  through  each  of  which  passes  a 
glass  tube  provided  with  a  well-greased  glass  stop-cock,^,  h'*  The 
short,  wide  glass  test-tube  seen  in  one  of  the  tubes  is  suspended  by 
a  wire,  and  contains  clear  concentrated  potash  solution.  Into  each 
tube  are  now  introduced,  say,  twenty-five  pea  seedlings,  three 
days  old,  and  grown  at  15°  C.  They  are  placed  in  the  upper 
widened  part  of  the  tubes,  on  moist  glass  wool.  We  put  the 
apparatus  in  a  place  where  the  temperature  is  very  constant,  suck 
up  some  water  into  the  lower  portions 
of  the  tubes  A  and  B,  close  the  stop- 
cocks, and  at  the  end  of,  say,  half  an 
hour,  read  off  the  position  of  the 
water  in  A  and  B.  We  observe  also 
the  temperature  indicated  by  the 
thermometer  T.  In  an  experiment 
made  by  me  with  twenty-five  pea 
seedlings  at  15°  C,  the  water  in  the 
tube  provided  with  potash  solution, 
rose  in  twenty-one  hours  from  22*2 
c.c.  to  60'4  c.c.  In  the  tube,  on  the 
other  hand,  without  potash  solution, 
if  the  temperature  is  kept  approxi- 
mately constant,  the  level  of  the 
water  changes  very  little,  because 
the  Carbon  dioxide  produced  in  re- 
spiration appears  bulk  for  bulk  in 
place  of  the  Oxygen  used  up.  In 
presence  of  potash  the  water  must 
rise,  because  the  Carbon  dioxide 
produced  by  the  plants  is  rapidly 
absorbed,  and  does  not  replace  the 
Oxygen  consumed. 

In    the    following     demonstration 

11,  ,  T      Fio.  94. — Apparatus  for  ezperixnenta 

experiment  also  water  may   be  used  on  plant  respiration. 


*  Instead  of  the  rubber  Btoppsrs  we  may  employ  ground  glass  stoppers. 


■HViSIULOGV   OF   NDTRITION. 

,    .  ,;\    :-<r  the  sealing  fluid.     Both  tabes  are  snp- 

....    'luiEi'i-iiU,  neither  of  them  being  provided  with 

V\'o  euploy  5  gr.  of  pea  seeds  or  5  gr.  of  wh»t 

_;,.  Ill  liemp  grains.     The   two  lots  of  material  Kt 

•  ..^'<wl,  inid  after  being  soaked,  the  starchy  tnateriil 

.  iit  oi  the  tubes  of  the  apparatus,  the  fattj  malnial 

<.4.      I'lto  appai-ataa  being  kept  in  a  place  in  which  tlie 

..     .   it'Liipemtare  are  not  considerable,  it  will  be  foand 

~     ,'i['i.  \>i  the  water  does  not  change  much  in  the  conne 

,     I.  :  >it)  days  in  the  tube  containing  the  starchy  seeds.    In 

,. .  uibv,  however,  the  water  rises  considerably.     The  fatty 

.    '.  lomsi',  like  the  starchy  ones,  undergo  normal  respi[»- 

.    i;  ;iu'  same  time,  however,  the  former  exhibit  that  form  of 

1  ...  .1,1,-11  nliich  I  have  termed  vine  al  a  to  ry  respiration  (FinwJo- 

.    .   .<...)../).     The  essential  feature  of  this  consists  in  absorption 

■  ,  v'\m;i,'u  without  corresponding  formation  of  Carbon  dioiide, 
i  .,!  I  111'  bouud  Oiygen  is  employed  in  converting  the  fat  into 
.  ..^^;,l!l•.^■Ii  licher  in  Oxygen  (carbohydrates). 

I.1-.1U,  wo  completely  fill  the  upper  part  of  one  of  our  tubes 
•\  -..i  iK'v^ui*  (Rosa  or  Dahlia,  etc.),  or  with  seedlings  of  Vicis 
I'.i'st.  VVu  Huck  the  water  np  to  a  considerable  height,  close  the 
.^■■ji  i-yK'k,  and  let  the  apparatus  stand.  The  mat«rial  at  first 
ri,it'ii{ov<t  normal  respiration.  Soon,  however,  the  Oxygen  of  the 
I  1  <\i  i!io  tub©  is  conanraed,  and  now,  even  with  somewhat  falling 
vii.l.viimu-e,  the  column  of  water  begins  to  sink.  Owing  to 
>ui  i.tnu'lccular  or  internal  respiration  in  the  Oxygen-free  space 
!i,-  |>ltui(  materia!  prodnces  Carbon  dioxide.  The  volume  of  gtu 
.11  ilit>  ik|>|uti'atas  is  thereby  increased,  and  the  water  is  depressed 

In  (imvo  the  prodnction  of  Carbon  dioxide  (respiration)  in 
III  iiiviiliilion,  we  pnt  together  the  apparatus  depicted  in  Fig.  95. 
W  .<  |.1iu>o  in  the  flask  A  200  c.c.  of  Pastenr's  food  .solution  (see  18), 
lu.t  itdd  to  it  about  5  gr.  of  pressed  yeast.  Fermentation  soon 
„i.  III.     The  liberated  Carbon  dioxide  can  be  detected  by  means 

■  1  iluM'liiar  lime  water  or  baryta  water  contained  in  the  flask  B. 
t'l  iiiik'iitiition  and  copious  development  of  Carbon  dioxide  do  not 
..iki-  pliH'o  when  the  fluid  to  which  the  yeast  is  added  differs  in 

,>iii|>i>iiitiim  from  Pasteur's  food  solution  in  containing  no  sagar, 
tiuk  III   having  Ammonium    nitrate  in  place  of  the  Ammoninm 

\\  i>  oaii  ^li.-  prove  the  formation  of  Carbon  dioxide  in 
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nentatlon  by  means  of  Kiihne's  fermentation  vessels*  (see  Fig. 
The  tube  of  the  apparatus  is  completely  filled  with  Pasteur  s 
i  solation,  the  balb  being  left  empty.  We  now  pass  a  pellet 
reast  into  the  fluid.  In  consequence  of  the  evolution  of  Carbon 
Kide  which  at  once  commences,  the  food  solution  is  driven  out 
bhe  tube  into  the  bulb.     If  we  then  introduce  a  fragment  of 


Fig.  03.— Apparatus  for  demonBtrAting 
the  production  of  Carbon  dioxide  in  fer- 
mentation. 


Fio.  96.— Kiibne*8  fermenta< 
tion  vessel. 


stic  potash  into  the  apparatus,  the  fluid  returns  into  the  tube 
ze  the  Carbon  dioxide  is  absorbed. 

f  a  tall  glass  cylinder  is  half  filled  with  Pasteur's  food  solution, 
,  after  addition  of  pressed  yeast,  is  closed  not  quite  air-tight, 
can  soon  detect  the  Carbon  dioxide  formed  by  simply  intro- 
iug  into  the  cylinder  a  burning  taper.  The  flame  is  extin- 
shed.^ 


I  have  stated  my  views  regarding  normal  and  intramolecular  respiration  in 
Lehrbueh  d.  Pjianzenphysiologiet  Brealau,  1883.  See  also  Betmer,  Prings- 
1*8  Jahrblicher  f.  wissenachl,  Botanih^  Bk.  12,  and  Berichte  d.  Deutschen 
n.  Geidlschaft,  Bd.  10,  p.  433. 


Any  glass-blower  will  make  them. 


262 


PHYSIOLOGY   ' 


instead  of  mercury  for  thr 
plied  with  plant  material,  v 
potash  solution.     We  empl' 
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^nantity  of  Carton  Dioxide 
r  ind  Normal  Regpiration. 

,    iient  which  may  conveniently 
be  employed   for  investi- 
'7— !     gating  the    production  of 
•     Carbon  dioxide   in  intni- 
1     molecular  respiration.  ^^ 
will  first  familiarise  onr- 
>elves  with  this.    The  apparatus 
to  be  adopted  for  experimenti^ 
on  normal    respiration    is  far 
simpler.' 

It  is    required    to  pass  over 
the  research  material  a  stream 
of  Hydrogen  free  from  Carbon 
dioxide,  and  to   determine  the 
quantity  of  Carbon  dioxide  pro- 
duced by   the    material.     The 
rapidity  of  the  Hydrogen  cur- 
rent can  readily   be  regulated 
by  means  of   the  aspirator  i. 
which  must  have  a  capacity  of 
at  least  15-20  litres.     We  can, 
i.e.,  measure    the   quantity   of 
water  flowing  into  the  cylinder 
M,  e.^.  every  ten  minutes,  and 
so   adjust    the    stop-cock    B" 
that,    say,    3    litres    of    water 
run  off  per  hour.     For  the  sake 
of    accurate     adjustment    this 
stop-cock   is   provided    with    a 
long  pointer,  which  works  over 
the  graduated  arc  G6.      When 
the  level  of  the  water   in   the 
aspirator  gets  low,  the  rate  of 
flow   is  reduced,  and  the  stop- 
cock W  has  to  be  frequently 
regulated.      It  is  hence  of  ad- 
vantage to  have  the   aspirator 
as    full  of    water    as   possible. 
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and  it  can  bo  very  conveniently  and  rapidly  filled  before  each 
experiment  by  connecting  the  off-flow  tube  (at  the  point  i)  by 
means  of  rubber  tubing  with  the  water  supply.  It  is  also 
advisable  to  use  as  aspirators  very  lai-ge  vessels,  e.g.  large  acid 
carboys. 

The  Hydrogen  is  prepared  in  the  large  Kipp's  apparatus  W 
from  chemically  pure,  Arsenic-free  zinc,  and  Hydrochloric  acid 
free  from  Ai'senic.  In  order  to  make  sure  Of  removing  every  trace 
of  injurious  admixtures,  the  gas  is  passed  through  the  wash-bottle 
Ue,  which  contains  a  solution  of  Potassium  permanganate,  and 
through  the  U-tube  /S,  containing  fragments  of  pumice  soaked 
with  a  solution  of  Silver  nitrate.  The  contents  of  both  these 
vessels  must  be  frequently  renewed.  The  Hydrogen  streaming 
through  the  absorption  column  K^,  containing  concentrated  solu- 
tion of  potash  below  and  fragments  of  caustic  potash  above,  and 
through  the  U- tubes  K''  and  K"%  containing  fragments  of  pumice 
soaked  with  potash  solution,  is  deprived  of  every  trace  of  Carbon 
dioxide.  Further,  we  may  insert  between  K'"  and  the  worm  of 
the  respiratory  vessel  B,  a  small  bottle  containing  a  little  concen- 
trated Sulphuric  acid,  to  serve  as  a  stop  valve.  This  valve,  made 
like  the  valve  Sch,  but  not  represented  in  the  figure,  renders 
absolutely  impossible  any  backflow  of  Carbon  dioxide  from  the 
spiral,  which  however,  even  without  this  precaution,  would  haivily 
take  place. 

The  vessel  intended  for  the  reception  of  the  research  material 
may  have,  according  to  requirements,  a  capacity  of  from  200  to 
400  c.c,  and  is  continued  below  into  a  spiral  tube  which  ascends 
alongside  the  respiratory  chamber  proper,  i2.  This  last  is  closed 
at  the  top  with  a  rubber  stopper,  through  which  pass  a  ther- 
mometer, I"y  and  an  obliquely  bent  glass  tube.  The  thermometer, 
graduated  to  tenths  of  a  degree,  should  have  a  long  cylindrical 
bulb,  which  is  placed  in  the  midst  of  the  research  material.  The 
zero  of  the  thermometer  scale  must  appear  above  the  rubber 
stopper,  so  as  to  render  it  possible  to  read  clearly  when  working 
with  low  temperatures.  At  the  bottom  of  the  respiratory  chamber 
we  place  some  wet  glass  wool,  and  dn  this  the  plant  material^ 
perhaps  moistened. 

The  respiratory  vessel  is  placed  in  an  earthenware  vessel,  (?,  filled 
with  water,  provided  with  a  wooden  cover,  and  supported  by  the 
tripod  D.  By  adding  cold  or  warm  water,  or  by  heating  with  a 
g-aa  flame,  we  can  regulate  the  temperature  of  the  water,  as  indi- 
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cated  by  the  thermometer  T\  and  hence  also  that  of  the  research 
material  in  JB. 

The  purified  Hydrogen,  free  from  Carbon  dioxide,  during  its 
passage  through  the  worm  is  brought  to  the  temperature  of  the 
water.  It  then  traverses  the  respiratory  chamber  proper  from 
below  upwards,  enters  the  stop- valve  Sch^  which  contains  a  little 
concentrated  Sulphuric  acid,  and  in  the  Pettenkofer's  baryta  tnbe 
B^  containing  75  c.c.  of  baryta  water,  gives  up  the  Carbon  dioxide 
received  from  the  research  material.  The  object  of  the  valve  is 
to  render  impossible  the  passage  of  air  into  the  respiratory  space; 
the  latter  can,  moreover,  be  completely  isolated  from  the  valve  by 
means  of  the  stop-cock  R",  The  tube  K'^\  which  contains  frag- 
ments of  caustic  potash,  is  intended  to  prevent  the  passage  of  air 
containing  Carbon  dioxide  from  the  aspirator  into  the  baryta  tube. 

Suppose  an  experiment  on  intramolecular  i^espiration  is  to  be 
made,  the  apparatus  is  opened  at  Z,  and  we  pass  a  rapid  stream  of 
Hydrogen  through  it  for  an  hour.     Then  I  and  o  are  connected  by 
means  of  a  piece  of  glass  tubing,  and  the  current  of  Hydrogen 
is  continued  for  half  an  hour  or  an  hour  longer  with  the  aspirator 
in  action,  during  which  time  the  temperature  in  i2,  and  the  rat« 
of  the  current  (3  1.  per  hour)  must  be  carefully  regulated.     The 
Oxygen  being   now  displaced,  as  thorough  investigation  of  the 
method  has  taught,  we  insert  the  baryta  tube  between  I  and  o; 
new  tubes  are  put  in  every  hour.* 

For  success  in  the  experiments  it  is  naturally  of  the  utmost 
importance  to  have  the  apparatus  absolutely  air-tight  at  all  points. 
We  use  only  carefully  selected  rubber  stoppers  and  connection 
tubing  (the  latter  well  grea.sed),  and  well-ground  glass  stop-cocks, 
and  take  care  that  the  ends  of  the  glass  tubes  are  in  contact  at  the 
connections.  The  apparatus  being  in  action,  we  can  readily  make 
sure  that  all  is  tight  by  turning  the  stop-cocks  W  or  IV".  In  the 
former  case,  the  flow  of  water  at  Ah  must  at  once  stop ;  in  the 
latter  the  evolution  of  Hydrogen  must  cease. 

To  prepare  the  baryta  water,  we  treat  Barium  hydrate  and 
Barium  chloride  with  distilled  water  (to  every  litre  of  water, 
21  gr.  of  Barium  hydrate  and  3  gr.  of  Barium  chloride).     The 

*  To  aBcertain  whether  all  the  Oxygen  has  been  driven  oat  of  the  apparatus 
by  the  Hydrogen,  it  is  only  necessary  to  connect  the  valve  ScU  with  a  bottle 
containing  some  Phosphorus.  To  make  sare  that  75  c.c.  of  baryta  water  will 
completely  absorb  the  Carbon  dioxide  produced ,  it  is  sufficient  to  join  on  to  the 
baryta  tabe  another  vessel  containing  baryta  water.    This  baryta  keeps  clear. 
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are  is  frequently  shaken,  and  after  some  time  ponred  into  the 
d  bottle  (Fig.  98),  which  has  a  capacity  of  about  10  litres, 
tube  A;",  containing  fragments  of  pot&sh,  serves  to  prevent  the 

baryta  water  from  absorbing  Carbon  dioxide.  The  solution 
be  run  off  into  the  burette  2^,  which  carries  at  its  upper  end 
lotash  tube  A;',  and  the  Pettenkof er*s  baryta  tubes,  after  being 
cleansed  and  thoroughly  dried,  are  filled  from  the  burette, 
contents  of  these  tubes  are  rapidly  transferred  at  the  end 
Mjh  experiment  to  tall,  well-closed  cylinders,  and  after  the 
pitate  has 
3d,  we  make 

titrations 
the  clear 
ernatant 

removing 
.c,  with  a 
to  for  each 
'mi  nation, 
use  for  the 
:ions       (as 

of  course, 
brating  the 
aal   baryta 

r)  a  solution  of  Oxalic  acid,  con- 
Qg  2'8636  gr.  of  the  crystallised 
per  litre,  and  of  which  1  c.c.  cor- 
mds  with  1  mgr.  of  Carbon  dioxide. 
Oxalic  acid  solution  is  admitted  to 
baryta  water  from  a  burette  pro- 
l  with  a  float.  For  the  indicator, 
r  drops  of  phenol phthalein  solution 

c.c.  of  alcohol  and  0*5  gr.  of 
olphthalein)  are  always  employed, 
method  enables  us  to  determine  tbe 
on  dioxide  accurately  to  yV  ™J?^- 
above  method  of  investigation  has 
lently  been  tested  in  various  direc- 

by  myself  and  my  students,  and  it  has  yielded  very  satis- 
ry  results.*  It  remains,  however,  to  be  noted  that  the 
ts  of  the  observations  made  in  the  manner  described  are 
yrs  somewhat  too  high.      If,  viz.,  we  experiment  without  any 


Fig.  98.— Titrating  apparatus. 
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plant  material  in  the  apparatas,  we  shall  still  find  that  the  titre 
of  the  baryta  water  has  changed.  This  change,  for  1  honr  and 
75  c.c.  of  baryta  water,  corresponds  with  O'b  to  1*0  mgr.  of 
Carbon  dibxide.  The  experimental  eri*or,  whose  magnitude  is 
frequently  to  be  determined  in  the  manner  indicated,  may  in 
many  cases  be  entirely  neglected,  since,  as  a  matter  of  fact,  the 
differences  in  Carbon  dioxide  evolution  arising  from  individnal 
peculiarities  in  the  plants  under  observation  are  very  oft«n  greater 
still. 

If  it  is  required  to  determine  the  quantity  of  Carbon  dioxide 
produced,  not   in  intramolecular  but    in  normal  respiration,  we 
work  with  the  same  apparatus,  merely  taking  away  the  Kipp'?* 
apparatus,  the  wash  bottle  containing  Potassium  permanganate,  and 
the  U-tube  with  Silver  nitrate  solution.     If  we  are  experimenting 
with  structures  which  soon  wither  (e.gr,,  coix)lla  leaves  or  delicate 
flowers),  it  is  well  to  let  the  air  traverse  a  vessel  containing  moist 
glass  wool  before  it  reaches  the  worm.     To  make  the  researches, 
we  first  draw  air  through  the  apparatus  for  one  and  a  half  to  two 
hours  by  means  of  the  aspirator  (3  1.  per  hour).    By  this  time  the 
air   in  the  respiratory  chamber  will  be  sure  to  have  come  to  a 
stationary  condition  as  regards  the  quantity  of  Carbon    dioxide 
which  it  contains.      We  now  put  in  the  first  baryta  tube,  after  an 
hour  the  second,  and  so  forth.      To  make  sure  that  during  the  in- 
troduction of  the  baryta  tubes  no  Carbon  dioxide  escapes  from  the 
respiratory  space,  it  is  well  to  have  a  stop-cock  (or  clip)  at  the 
top  of  the  spiral  tube,  and  to  close  this  and  also  the  stop-cock  E" 
before  putting  in  a  fresh  tube.     (The  stop-valve  Sch  is  nnneces- 
sary.)     As  to  the  precautions  to  be  observed  in   investigations 
proceeding  uninterruptedly   for  days,    see   the   cited   treatise  of 
Sachsse  (1872)  and  my  own  (1875). 

With  reference  to  researches  intended  to  determine  the  ratio 
between  the  amount  of  Carbon  dioxide  produced  by  any  given 
plant   material   during   internal   respii-ation   and    that    produced 

during   normal    respiration  — _'    the    conditions     being    otherwise 

similar,  the  following  particulars  are  to  be  noted: — We  put 
together  the  whole  apparatus,  leaving  out  only  the  Hydrogen 
generator.  Having  drawn  air  through  for  one  and  a  half  hours  by 
means  of  the  aspirator,  the  determination  of  the  amount  of  Carbon 
dioxide  produced  in  normal  respiration  begins.  After  one  to  two 
hours,  we  connect  up  the  Kipp's  apparatus,  pass  a  rapid  current 
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of  Hydrosen  over  lae  reseanca  m:ftserijil  for  sm  hour,  then  pm  in  ;ji 
baryta  tube,  aad  pass  Hydrv>aren  over  the  materia  wiih  the  htlp 
of  the  aspintor  for  mn  hour,  mt  the  rate  of  3  liiivs  per  h^^ur.  sn^ 
as  to  determine  the  amount  of  Carbon  dioxivie  f^roduoed  during 
intramolecular  respiration.  Finally,  the  Hydrogen  is  nn>lac\\i 
bT  air.  and  we  determine  once  more  the  intensitv  of  the  r.ormal 
respiration. 

In  comparative  researches  on  the  respiration  of  plants  in  puiv 
Oxyeen  and  in  air,  we  pass  pare  Oxysren  over  the  research  nia:ori;il 
from  a  lar^  gasometer,  instead  of  the  Hydrogen  which  is  net.*es- 
s*ary  in  investigating  intramolecular  respiration.  The  Oxygen  is 
puri6ed  by  passage  throngh  a  wash  bottle  containing  |HUash 
solution.  The  gas  is  prepared  in  the  usual  way  by  hojiti ug  a 
mixture  of  Potassium  chlorate  and  Manganese  dioxide.  It  is  also 
very  convenient  to  till  the  gasometer  from  a  cylinder  of  cvnupresseil 
Oxygen.  It  is  advisable  to  have  the  water  intendeii  to  displace 
the  Oxygen  from  the  gasometer  saturated  with  Oxygen  before 
being  so  emploj^ed.  Seedlings  of  Pisum  sativum,  at  tii^t  at  any 
rate,  germinate  as  actively  in  pnre  Oxygen  as  in  atmospheric  air ; 
other  seedlings  do  not  behave  in  exactly  the  same  way.^ 


'  I  describe  here  the  methods  which  have  been  employed  wiih  the  best  results 
by  myself  and  my  students.  See  Detmer,  Physioloif.  ruteriUckuioifH  iihfrdif 
Keimuno,  Jena,  1875,  and  SiUuntjsher.  d,  Jenaischen  Geselltchaft  f\  Mediciu  u. 
yaturicUt.,  1831;  Clausen,  Landtcirthtchl.  Jahrb,^  1890,  Bd.  19;  .\mEU, 
Pringsheim's  Jahrbilcher,  Bd.  25  ;  Detmer,  Botan.  Zeitufnj,  188S,  and  HfrithU 
d.  Deutschen  botan.  GeselUcha/t,  Bd.  8,  10,  and  11 ;  Ziegenbein,  Pringsheim's 
Jahrb.t  Bd.  25;  Aereboe,  WoUny's  For$chun(jen  avf  dem  Gebiete  der  Jf/nrn/(Mr- 
phytik^  Bd.  16. 

*  See  also  Sacbsse,  Ueber  einifje  chemitche  Vorifiintje  bet  der  AViwiiw*/  row 
Pisum  tativumy  Leipzig,  1875 ;  Pfefifer,  Unursuchungen  ims  d.  botan,  luatitut 
zit  Tnbittfjen,  Bd.  1,  p.  636,  and  Moller,  Berichte  d.  Deuttehtn  botan,  Gcsell- 
^c?wft,  Bd.  2. 

^  See  Johanseo,  Untenuehungen  aut  d.  botan,  Institut  zu  Tiibingcn,  Bd.  1. 


103.    Carbon  Dioxide  Production  in  Normal  Bespiration. 

After  the  instructions  given  under  the  previous  heading,  it  will 
not  be  very  difficult  to  obtain  accurate  results  in  investigating 
normal  respiration.  For  practice  in  the  method  wo  may  introduce 
into  the  respiratory  vessel,  say,  25  gr.  of  fresh  petals  of  Rosa  or 
some  other  plant,  and  ascertain  how  much  Carbon  dioxide  they 
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prodnco  per  hpar  at  a  tempemtare  of  20°  C.  With  careful  worl:, 
the  results  of  separate  experiments  will  present  only  very  emill 
differences  (perhaps  1  ragr,)-  We  may  also  easily  prove  th»t 
floral  strnctares  in  general,  under  similar  conditions,  respire  more 
vigorously  than  vegetatire  orgaas,  e.g.  foliage  leaves. 

To  investigate  the  relationship  between  respiration  and  coH' 
ditione  of  temperature,  we  determine  snccegsively  the  amonnt  of 
Carbon  dioxide  prodnced  at  0°  C,  5°  C,  10°  C,  etc.  In  experi- 
ments at  0°  C,  the  respiratory  vessel,  together  with  the  worm,  is 
placed  in  a  large  vessel  filled  with  fragments  of  broken  ice.  To 
obtain  accurate  results,  the  temperature  mnst  always  be  regaltled 
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during  the  passage  of  the  air  before  inti-odacing  the  baryta  tube. 
It  is  very  convenient  to  experiment  with  seedlings,  e.g.  seedlings 
of  LapinuB  luteas.  A  large  number  of  seeds  are  soaked  for 
twenty-four  hours,  and  then  germinated  in  sawdust,  contained  in 
suitable  zinc  boses,  at  a  temperature  of  20°  C.  (perhaps  in  a  warm 
chamber).  When  the  seedlings  arc  four  to  five  days  old,  and  have 
hypocotyls  about  ii  cm.  long  and  roots  about  il  cm.  long,  tbey  are 
cleansed  from  sawdust,  and  may  be  used  in  quantities  of  50  gr,  for 
eaoli  experiment.  Great  care  must  bo  taken  to  have  at  disposal 
a  sufficient  supply  of  very  uniformly  developed  seedlings.  The 
i-esiiltB  of  the  experiraentt  are  to  be  represented  graphically  in  the 
manner  indicated  by  the  upper  curi-e  in  Fig.  99.  At  0'  C,  the 
seedlings   of    Lupinus   already   respire  quite   perceptibly.       The 
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ptimam  tempera  tare  for  normal  respiration  in  Lupin  as  seedlings 
<  situated  at  40^  C,  and  the  maximamat  45°  C.  At  a  tempera- 
ire  beyond  this  the  cells  begin  to  die,  and  the  production  of 
arbon  dioxide  rapidly  falls. 

If  we  first  determine  the  intensity  of  respiration  of  50  gr.  of 
upinus  seedlings  at  20°  C,  and  then  expose  the  material  in  the 
jspiratory  vessel  to  a  temperature  of  about  100°  C.  for  some 
me,  and  again  determine  the  Carbon  dioxide  production, 
e  find  that  it  has  now  completely  ceased.  Dead  plants  do  not 
jspire.  Respiration  is  a  function  of  living  protoplasm.  The 
lants  must,  of  course,  be  protected  from  excessive  loss  of  water 
bile  at  the  high  temperature.  It  is  also  advisable  to  mix  some 
alicylic  acid  with  the  research  material,  after  investigating  its 
ormal  respiration,  in 
rder  to  prevent  any  sub-  j  ^ 

3qnent    development    of  /? 

acteria. 

In  experiments  respect- 
ig  the  direct  influence 
f  light,  we  use  for  the 
espiratory  chamber  a 
essel  such  as  is  depicted 
1  Fig.  100.  These  are 
lanufactured  by  Tittel  & 
Jo.,  Geierstal  bei  Wall  en - 
orf  (Thuringia),  and  con- 
ist  of  a  glass  flask  with 
•arallel  walls.  The  dia- 
leter  of  the  circular  faces  is  13  cm.,  the  distance  between 
liem  about  20  mm.  The  spiral  tube,  Sch,  is  connected  up  air- 
ight  at  the  lower  end  of  the  vessel ;  the  larger  opening  at  the  top 
Bceives  the  thermometer  and  the  gas  exit  tube.  The  vessel  is 
aspended  in  water,  contained  in  a  zinc  box  30  cm.  high  and 
0  cm.  wide,  the  front  and  back  of  which  are  made  of  glass.  This 
ox  is  placed  at  a  window  with  a  south  aspect,  inclining  a  little 
ackwards.  In  front  of  it,  i.e.  towards  the  window,  is  placed  a 
irge  glass  box,  also  tilted  somewhat  backwards,  which  contains 

concentrated  filtered  solution  of  alum.  We  employ  for  examina- 
ion  perfectly  chlorophyll-free  floral  structures,  roots,  or  fungi 
say  in  quantities  of  25-^40  gr.).  In  the  experiments  themselves 
he  same  precautions  are  to  be  observed  as  have  already  been 


Fio.   100.— Apparatus  for    investigating   the  in- 
fluence of  light  on  respiration. 


( 


272  PHYSIOLOGr  OF  NUTBinOX. 

described  above.  Fartlier  information  may  also  be  obtained  from 
the  cited  work  of  Aereboe.  The  utmost  attention  mast  be  directed 
to  keeping  the  research,  material  constantly  exposed  to  the  same 
temperature  daring  the  alternate  periods  of  light  and  darkness 
(the  shading  can  be  readily  effected  by  covering  the  water-box 
with  a  suitable  cardboard  box,  open  below).  Using  the  alnra 
solution,  this  is  possible,  as  I  know  from  experience,  even  when 
working  with  direct-  sunlight.  The  experiments  teach  that 
ligbt  rays  exei*t  a  phgto-chemical  action  on  respiration,  probably 
in  a  very  few  cases  only.  Very  generally,  chlorophyll-free  plants 
respire  the  same  quantity  of  Carbon  dioxide  in  the  light  as  in  the 
dark. 

Indirectly,  of  course,  the  light  exerts  an  important  influence  on 
the  respiration  of  plants,  because,  thi-ough  its  instrumentality, 
substances  are  produced  as  a  result  of  assimilation  which  in 
respiration  undergo  oxidation.  To  prove  this  we  germinate  seed, 
lings  of  Lupinus  in  the  light  in  flower-pots.  When  the  plants 
are  a  few  weeks  old,  we  select  twenty -five  very  uhiformlj  de- 
veloped specimens,  cut  the  stems  immediately  above  ground,  and 
determine  the  quantity  of  Carbon  dioxide  which  they  produce  in 
two  hours  at  a  temperature  of  20°  C.  The  flower-pots  are  now 
put  in  the  dark,  and  after  two  or  three  days  we  again  investigate 
the  respiration  of  twenty-five  plants.  The  plants  in  the  flower- 
pots are  then  normally  illuminated  once  more,  and  after  four  days 
twenty-five  examples  are  again  examined.  A  series  of  experi- 
ments, conducted  by  Aereboe  under  my  direction,  yielded  the 
■following  results  : — The  twenty-five  plants  produced  in  two  hours 
at  a  teraperatui'e  of  20°  C. : 

Aug.    6,  evening,  18*35  mgr.  CO2  (after  illumination)  ; 

Aug.    9,  evening,    7*95  mgr.    „     (after  being    shaded    for   t\ 

days) ; 

Aug.  13,  evening,  18'72  mgr.    „     (after  being  illuminated  from 

Aug.  9  to  Aug.  13) . 

The  arrangement  indicated  in  Fig.  101  may  suitably  be  employed 
for  researches  on  the  normal  respiration  of  .roots,  when  it  is 
required  to  determine  the  quantity  of  Carbon  dioxide  produced  in 
organs  vegetating  normally,  and  still  remaining  in  attachment 
with  the  aerial  parts  of  the  plants.  A  large  glass  cylinder  placed 
in  a  water  tank  is  used  for  the  culture  vessel,  and  contains  a  food 
solution.  The  halved  cork  employed  to  close  the  cylinder  may 
be  pushed  in  till  the  top  of  it  is  about  3  cm.  below  the  rim  of 
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the  cylinder.  The  cork  has  five  holes  r  one  for  the  plant  (e.g. 
maize)  ;  one  for  the  thermometer,  T;  one  for  the  dropping  tnnnel, 
3V,  by  means  of  which 
boiled-ont  distilled  water 
oan  bo  added  as  required 
to  the  food  eolntion ; 
one  for  the  in-leading 
tnhe,    Z,  which   is   con- 


jct.ed 


rith 


and  one  for  the  off- 
leading  tube,  A.  To 
make  perfectly  air-tight, 
the  space  above  the 
cork  is  filled  with  a 
mixtnre  composed  of 
wax,  olive  oil,  and 
mntton  snet,  and  melt- 
ing at  a  comparatively 
low  temperature.  Since 
the  culture  vessel  stands 
in  the  large  water-bos, 
the  I'egQlation  of  tlie 
temperature  of  the  food 
solution  in  which  the 
roots  are  immersed  pre- 
sents no  special  diffi- 
culty. The  roots  must 
be  shaded ;  the  aenal 
portions  of  the  plant 
may  remain  exposed  to 
the  light.  Before  com- 
inencing  an  investiga- 
tion,   we    pass   a  current        Fio.lOl      Ai pantm  tor  tx] enmeatn  od  tha  icspl- 

of  air  through  the  food    ™'""  "' """ 

solution  for  a  considerable  time  (eay  for  four  hoars),  without 
any  preliminary  determination  of  the  amount  of  Carbon  dioxide 
produced  by  the  roots.  Since  the  resistance  of  the  food  solution 
is  very  considerable,  the  stream  of  air  must  always  be  a  fairly 
vigorous  one  (about  H-IO  1.  per  hour).  A  very  lai^e  bottle 
serves  for  the  aspirator.  The  root  system  of  the  large,  normally 
vegetating    maize    plant  represented    in    Fig.    101    produced   at 
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20°  C.  80  mgr.  of  COg  every  two  hours.  If  the  plant  is  only  to 
be  examined  off  and  on  as  to  its  pix>daction  of  Carbon  dioxide^ 
air  must  always  be  led  throngh  the  food  solution  in  the  interval, 
so  that  the  roots  may  not  suffer  from  lack  of  Oxygen. 


104.    The  Production  of  Carbon  Dioxide  in  Intramolecular 

Bespiration. 

The  Carbon  dioxide  production  in  intraraolecnlar  respiration  is 
determined  in  the  manner  given  below.  Usually  the  quantity  of 
Carbon  dioxide  produced  intramolecnlarly  is  far  less  than  that 
formed  under  similar  conditions  in  normal  respiration.     In  some 

cases,  however  (e.g,  in  seedlings  of  Vicia  Faba),  the  ratio  ^  ^^ 

equal  to  1.     Naturally,  in  comparative  experiments  on  normal  and 
intramolecular  respiration,  w^e   must   use   material   in   the  same 
state    of    development,    if,  e.g,  it  is  required  to   determine  the 
influence  of  temperature  on  respiration.    It  is  best  to  make  several 
comparative   experiments    one    after    the   other  with  the  same 
material.     At  low  temperatures  plants   do   not   suffer  injury  if 
exposed  to  Hydrogen  for  a  considerable  time  (many  hours),  and 
they  subsequently  produce,  when  once  more  respiring  normally, 
as  much  Carbon  dioxide  as  before  the  commencement  of  intra- 
molecular respiration  (see  the  investigations  of  Amm  in  his  cited 
treatise).     At  high  temperatures  (from  30°  or  35°  C.  upwards) 
the  plants  soon  suffer,  if   kept  too   long  in  the  Hydrogen;  the 
experiments,  therefore,  must  be  continued  for  a  few  hours  only. 
The  results  of  the  experiments  may  be  represented  graphically 
Fig.  99  shows  that  seedlings  of  Lupinus  (four  or  five  days  old) 
always  produce  much  less  COg  in  intramolecular  respiration  than 
in  normal  respiration.     The  optimum  temperature  for  both  kinds 
of  respiration  lies  at  40°  C* 

Intramolecular  respiration  takes  place  even  when  plants  art* 
introduced  into  a  vacuum. 

*  This  latter  result,  first  determined  by  Amm,  was  confirmed  by  Chadiaiow 
(Landwirthtchl.  Jahrbiieher,  Bd.  23).    He  disputes,  however,  the  accuracy  of 

some  conclusions  of  Amm  and  myself.    We  had  found  that  the  ratio  -  is  not 

the  same  at  all  temperatures,  and  this  statement  Chudiakow,  on  the  ground  of 
the  results  of  his  investigations,  controverts.  His  work,  however,  is  not,  to 
my  mind,  conclusive,  and  farther  researches  are  necessary  to  settle  the  matter. 
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Experiments  in  vacuOy  which  I,  for  example,  made  with  pea 
seedlings  after  Wortmann's  method,^  are  carried  out  as  follows: — 
A  thick  glass  tnbe,  f  ased  up  at  one  end,  and  about  100  cm.  long 
and  1*5  cm,  in  diameter,  is  filled  with  clean  and  perfectly  dry 
mercuiy.  As  to  the  method  of  cleansing  mercury,  see  13.  To 
prevent  bubbles  of  air  from  adhering  to  the  walls  of  the  tube  in 
filling  it,  it  is  best  to  run  the  mercury,  by  means  of  a  funnel 
rather  finely  drawn  out  at  the  end,  through  a  thin  glass  tube 
reaching  to  the  bottom  of  the  tube  to  be  filled.  When  the  tube 
has  been  filled,  it  is  closed,  and  inverted  in  a  flat  glass  vessel  par- 
tially filled  with  mercury.  We  now  have  before  us  a  barometer 
with  a  fairly  large  Torricellian,  vacuum.  A  few  seedlings,  de- 
veloped in  moist  sawdust,  are  freed  from  the  seed-coats,  dried 
with  blotting-paper,  and  passed  up  through  the  mercury  of  the 
barometer  tabe,  together  with  a  little  ball  of  blotting-paper  soaked 
in  boiled-out  water,  which  serves  to  keep  them  moist.  In  experi- 
ments with  Pisum  sativum  or  Vicia  Faba,  we  employ  six  to  ten 
seedlings ;  if  we  experiment  with  lighter  seedlings,  a  correspond- 
ingly greater  number  must  be  used.  When  the  mercury  has 
come  to  rest  in  the  barometer  tube,  after  introduction  of  the 
seedlings,  we  at  once  proceed  to  observe  the  time,  the  tempera- 
ture, and  the  barometer  reading,  and  also  the  level  of  the  column 
of  mercuiy  (the  upper  level  and  the  lower  level,  i.e.  the  point  at 
which  the  barometer  tube  touches  the  mercury  in  the  flat  vessel). 
If  we  work  with  non-graduated  barometer  tubes,  we  mark  the 
upper  and  lower  limits  of  the  column  of  mercury  by  pasting  strips 
of  paper  on  the  tube,  repeating  this  at  each  successive  reading, 
measure  the  heights  of  the  columns  of  mercury  thus  indicated, 
and  determine  later  the  volumes  corresponding  to  them  by  run- 
ning mercury  from  a  burette  up  to  the  corresponding  marks.  All 
the  volumes  are  reduced  to  O^C.  and  1,000  mm.  of  mercury. 

If  at  the  commencement  of  the  experiment : 

Vo  =  the  volume, 

h  =  the  height  of  the  Hg.  in  the  barometer  tube, 
t  =  the  temperature,  and 
b  =  the  barometer  reading, 
and  further,  if 

ts  — the  tension  of  the  aqueous  vapour  over  the  mercury  in  the 
tube  at  the  corresponding  temperature,  and 

a  =  the  coefficient  of  expansion  of  air,  the  reduced  volume  F  is 
given  by  the  following  equation  : — 
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K  = ^-ttrt; —  X 


Vo 


1,000  ^(l-^at) 
If  V  was  the  volume  at  the  commencement  of  the  experiment, 
nnd  Vi  the  volume  calculated  at  the  end  of  say  six  hoars,  then 
Kj  —  Fis  the  volume  of  Carbon  dioxide  given  ofE  during  that  time. 
Since  in  vacuo  the  initial  volume  was  zero,  Fj  directly  indicates 
the  volume  of  Carbon  dioxide  evolved. 

It  is  often  desirable  to  be  able  to  compare  the  rate  of  intra- 
molecular respirajtion  with  that  of  normal  respiration,  and  in  order 
to  do  this  we  must  arrange  beside  the  barometer  tube  a  second 
glass  tube  of  the  same  size,  and  into  this  introduce  seedlings  as 
nearly  as  possible  of  the  weight  and  in  the  same  stage  of  develop- 
ment as  those  in  the  vacuum.     To  prevent  them  falling  back,  we 
push  a  small  cork  down  the  tube.     This  is  then  inverted  in  mer- 
cury, and  about  20  c.c.  of  the 
atmospheric  air  present  in  it  is 
removed  by  suction,  the  mer- 
cury  naturally   rising   to  that 
extent   (see   Fig.    102).    To  so 
remove    a   portion   of  the   a"' 
from  the  tube  we   use  a  glass 
flask,     closed     by     a     rubber 
stopper,   through  which  passes 
a  bent  glass   tube   carrying  a 
piece    of    rubber   tubing.    We 
warm     the     flask,     close     the 
tubing   with    a   clip,  and  then 
introduce  the    end    of   it  into 
the  tube.     The  flask  is  allowed 
to    cool,   and   on  releasing  the 
clip  it   acts  as    a    suction  ap- 
paratus,   by    means 
of   which    the    mer- 
cury is  easily  caused 
to     ascend     in     the 
tube.       We      now 
finally      cover      the 
mercury  in  the  tube 
with  a  layer  of  water  about   3  mm.   thick,  make  the  necessary 
readings  for  determining  the  volume  of  air  in  the  apparatus,  and 
introduce   a   fragment  of   caustic   potash    into    the    tube.      The 


Pig.  102.— Apparatus  for  determining  the  quantity  of 
Oxygen  which  plant  structures  can  take  up  in  respiration. 
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potash  is  rapidly  dissolved  by  the  water  above  the  mercury,  and 
since  the  potash  solntion  formed  absorbs  the  Carbon  dioxide  de- 
veloped by  the  normal  respiration  of  the  seedlings,  we  can  at 
any  time  make  fresh  readings  to  determine  the  amount  of  Carbon 
dioxide  produced.  This  method,  it  is  true,  does  not  by  any 
means  aiford  such  accurate  results  as  that  indicated  in  102. 

If  we  allow  the  experiments  on  intramolecular  respiration  to 
proceed  for  a  considerable  time,  e.g,  a  few  days,  we  shall  find 
that  a  given  quantity  of  seedlings,  in  unit  time  and  under  con- 
stant external  conditions,  produce  less  and  less  Carbon  dioxide. 
The  seedlings  gradually  pass  into  a  pathological  condition,  and  it 
is  important  to  know  this,  because  it  follows  that  in  comparative 
researches  on  intramolecular  and  normal  respiration  we  must  not 
take  too  long  an  experimental  period  (only  about  six  to  eight 
houns).  Such  comparative  experiments  teach,  further,  that  only 
a  few  plants,  e.g.  seedlings  of  Vicia  Faba,  produce  as  much  Carbon 
dioxide  in  intramolecular  as  in  normal  respiration.  Most  plants 
give  ofE  much  larger  quantities  of  Carbon  dioxide  in  presence  of 
Oxygen  than  when  Oxygen  is  absent. 


See  Wortmann,  Arbeiten  d,  botan.  Instituts  in  Wiirzburgt  Bd.  2. 


105.    Analytical  Researches  on  Respiration. 

In  order  to  deal  with  many  questions  relating  to  respiration, 
it  is  essential  to  determine  the  quantity  of  Carbon,  Hydrogen,  and 
Oxygen  in  the  research  material  at  the  beginning  of  the  experi- 
ments and  at  their  close.  If,  e.g.,  we  ascertain  the  absolute  quantity 
of  these  elements  contained  in  100  gr.  of  seeds,  and  in  the  seedlings 
produced  after  a  certain  time  from  100  gr.  of  seeds,  we  obtain  com- 
pai*able  numbers  which  at  once  indicate  the  quantity  of  Carbon, 
Hydrogen,  etc.,  consumed  in  respiration.  Such  ultimate  analytical 
researches  are  of  special  significance  if,  e.g.,  we  are  dealing  with  the 
question  whether  the  whole  of  the  Carbon  lost  by  germinating  seeds 
is  given  off  in  the  form  of  Carbon  dioxide,  or  whether  in  germina- 
tion other  carbonaceous  gases  are  produced  (Carbon  monoxide. 
Hydrocarbons).  In  such  researches  we  compare  the  results  of 
direct  Carbon  dioxide  determinations,  which  are  to  be  made  in  the 
manner  indicated  in  102^  with  the  results  of  the  analyses  of  seeds 
and  seedlings.  If  there  is  a  close  agreement  between  the  numbers 
obtained  from  the  respiratory  investigations  of  the  loss  of  Carbon 
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in  germination,  and  those  afforded  bj  analytic  inrestif^tions,  ve 
are  justified  in  the  cosclnsion  that  the  whole  of  the  Carbon  icsves 
the  germinating  seeds  in  combination  with  Oxygen  aa  Carbon 
dioxide.  For  details  as  to  tbe  method  of  procednre  the  treatiew 
cited  in  the  footnote  must  be  consulted.  Rnspectiag  the  ultimate 
analyses,  to  secure  saccese  in  which  much  practice  is  essentiil, 
I  will  only  observe  further  that  the  seed  and  seedling  substance, 
in  consideration  of  the  Chlorine  and  Sulphur  contained  in  it,  most 
be  mixed  before  the  combustion  with  Lead  chromate,  and  that  in 
consideration  of  the  Nitrogen  contained  in  it,  metallic  Copper 
(copper  tnrnings)  maet  be  placed  at  tbe  front  end  of  the  tube. 
The  combnstion  itself  is  beat  performed  in  a  stream  of  Oxygen.' 

'  Sea  5ach«se,  Vebtr  tlnige  eherniiche  Vvrgiinge  bd  der  Keimung  von  Pirn" 
Hafii'iiin,  Leipzig,  1B72  ;  Detmer,  Pliyitologuelit  UMertuchunfftn  Uber  die  Ka- 
munij  oihaltiger  Samtn,  etc.,  Jena,  1875. 


106.    Abaorption  of  Oxygen  in  BeipiratlDn,  and  Setenuiiution 


of  the  Eespiratoiy  Ratio 


CO  J, 


For  researches  whose  object  is  to  determine  the  qnantitj  of 
Oxygen  absorbed,  and  at  the  same  time  the  quantity  of  Carbon 
dioxide  produced,  in  noi-mal  respira- 
tion, the  apparatus    represented  in 
Fig.  103  may  be  employed. 

The  bell-glass,  o,  about  800  c.c, 
in  capacity,  and  provided  with  a 
carefully  ground  broad  rim,  rests 
on  a  ground  glasB  plate.  The  rim 
of  the  bell-glass  is  well  greai^ 
with  a  mixture  pi'epared  by  melting 
together  I  part  of  wax  and  3  parte 
of  lard.  The  tubnlns  of  the  bell- 
glass  is  fitted  air-tight  with  a 
rubber  stopper,  which  receives  tlic 
tubes  r,  and  r.  The  tabe  ti  is  pro- 
vided with  a  stop-coct,  and  serves 
BoaDi  of  Oiygcn  to  put  the  interior  of  the  bell-glass 
irbon  dioiide  pro-  j^  communication  with  the  atmo- 
sphei-e.  The  longlirab  of  the  tnbe 
1  internal  diameter  of  7  mm.,  and  is  graduated  to 
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Y*o  c-c,  dips  into  a  vessel  containing  mercary.  The  porcelain  dish, 
b,  the  bottom  of  which  is  perforated,  contains  the  research  material, 
resting  on  moist  filter  paper  or  moist  glass  wool.  It  is  supported 
on  a  glass  tripod.  The  shallow  glass,  g^  contains  potash  solution 
to  absorb  the  Carbon  dioxide  evolved.  The  whole  arrangement, 
supported  on  a  nickel-plated  stand,  is  placed  when  in  use  in  a 
glass  case,  the  front  and  back  of  which  ai'e  parallel  to  one  another, 
and  which  is  filled  with  water.  We  are  thus  enabled  to  con- 
veniently regulate  the  temperature,  and  keep  it  constant. 

At  the  commencement  of  an  experiment  we  draw  the  mercury 
a  little  way  up  the  tube  r  by  suction  at  r^,  close  the  well-greased 
stop-cock,  and  then  wait  for  about  half  an  hour  before  proceeding 
to  read  the  position  of  the  mercury  in  r.  The  readings  must 
always  be  made  by  means  of  a  telescope.  We  naturally  determine 
also  the  length  of  tbe  column  of  mercury,  together  with  the  tem- 
perature and  barometric  pressure.  It  is  necessary  to  know  the 
capacity  of  the  bell-glass,  of  the  tube  r,  and  of  the  tube  -r^  as  far 
as  the  stop-cock.  From  this  volume  is  to  be  deducted,  however, 
the  aggregate  volume  of  the  objects  in  the  apparatus  (dish  con- 
taining potash  solution,  glass  tripod,  porcelain  dish,  moist  filter 
paper,  research  material).  The  volume  of  these  we  ascertain  in 
part  by  immersion  in  water  contained  in  a  graduated  vessel. 
Great  stress  is  to  be  laid  on  accurate  readings  of  temperature  and 
barometric  pressure.  The  reduction  of  the  volumes  can  easily  be 
effected  by  employing  the  formula  given  in  104. 

The  most  important  source  of  error  in  the  method  lies  in  the 
fact  that  at  the  commencement  of  the  experiments  we  cannot  at 
once  make  the  readings,  but  have  to  wait  for  about  half  an  hour 
till  the  temperature  is  in  equilibrium.  But  during  this  half-hour 
the  plants  are  already  taking  up  Oxygen,  and  to  make  allowance 
for  this,  we  correct  the  actually  found  volume  of  Oxygen  absorbed 
by  calculating  the  quantity  corresponding  with  half  an  hour,  and 
adding  this  to  it.  This  coiTection  is  naturally  a  near  approxi- 
mation only  when  the  research  material  during  the  period  of 
observation  does  not  undergo  any  important  change  in  its  rate 
of  respiration. 

The  potash  solution  employed  for  absorbing  the  Carbon  dioxide 
is  accurately  weighed.  It  must  be  nearly  concentrated  and  per- 
fectly clear.  At  the  end  of  each  experiment  we  pour  the  potash 
.solution  into  a  small  flask,  dilute  with  water,  precipitate  the 
Carbonic  acid  with  Ba  Clg,  and  filter.     To  wash  the  precipitate  on 
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in  germination,  and  those  afforded  by  analytic  ir     J 

are  justified  in  the  conclusion  that  the  whole  o^  |'    0 

the  germinating  seeds  in  combination  witl^  ^-f    t  '"^ 

dioxide.     For  details  as  to  the  method  of  j  1 1|    si?  *^°^ 

cited  in  the  footnote  must  be  consulted.   .||  ^  I    S 

analyses,  to  secure  success  in  which  *||''^.  |.9     ^  ^^  "^'^ 

I  will  only  observe  further  that  the  /  |v  1 1  ^    -^  ^  ^"*^ 

in  considei-ation  of  the  Chlorine  anc'r;'  ^|  ?^  |  ^ 

be  mixed  before  the  combustion  v  7|  ^  j  ^  |  |  P^^"^ 

consideration  of  the  Nitrogen  /f|/f  1^  |  :-     "  ^'^^y*^' 

(copper  turnings)  must  be  P  /  ^  /  /^  |  |  I  ?  , 

The  combustion  itself  is  best;//;/  |'  |  j'  >  '  .-  ^^  ^°^^ 

/ ;  /  ^  ^  ^  f  "  .d  seeds.     After 

1  See  Sachsae,  Ueber  einige  j  i    / 1  ''  ,,  the  potash  solution 

^atirum.  Leipzig,  1872;  Det-y/     f  ^^^^^^    The  temperature 

„„m<,  maltiger  Sanun.  etc  y//  ^^  ^^,  ^^  ^QO  C. 

///  ^nd,  e.g.,  that  2-2-5  gi\  of  grains 

106.    Absorption    /  -^^^o  absorb  increasing  quantities  of 

K^reasing  quantities   of  Carbon   dioxide. 
iL wards,  at  a  temperature  of  20^  C,  about 

„  _  dioxide  are  produced,  and  20  c.c.  of  Oxygen 

For  resep  ^     .        ^     ^        ^     '         .  .    .   , 

^  T  twenty-four  hours.     The  respiratory  ratio  is  here 

lly  in  starchy  plant   structures)  approximately  =  1- 

'  -jinstion  of  fatty  seeds  (e.g,  of  Raphanus)  we  find  the 

■'\r6-0S.      They  take  up  relatively  much  Oxygen,  because 

y  '^jp  germination  suffers  oxidation,  and  gives  rise  to  carbo- 


A 


I  x^iterature  :  Detmer,  P/iy«/oZ.-c/i€m.  Unters.  iiber  Kexmung,  1875;  Godlewski. 

ogsbeiai'B  Jahrh.,  Bd.  13  ;  Moeller,  Berichte  d.Deutschen  botan,  GeselUeh.,  Bd. 

/^gticb,  Flora,  1891  ;    Bonnier  and  Mangin,  Annal  d.  se,  naU,  S6r.  6,  T.  17 

gd  18,  givo  &  method  of  gas  analysis,  employed  also  for  example  by  Stieli. 

^biob  in  many  cases  is  very  serviceable.    Further  see  Bonnier  and  Mangin,  iu 

jnnal'  d.  bc,  nat.,  Ser.  6,  T.  19 ;  Ser.  7,  T.  2. 


*  It  is  still  better  to  determine  tbc  Carbon  dioxide  by  the  method  of  titration 
(sec  102).  The  COj  must  then  naturally  be  precipitated  from  the  potash  solu- 
tion before  and  after  the  experiment  by  means  of  Ba  Clj,  the  fluid  remaining 
behind  being  subjected  to  titration. 
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>]iavioiir  of  Plants  in  Contact  with  Nitrous  Oxide  Gas. 

'^  been  asserted  that  plant-cells  are  able  to  utilise  the 

5>  us  oxide   for  normal  respiration.     I  hare  made 

^      ^^  ^bject  of  special  investigation,*  and  my  experi- 

'^  /^      <^  as  follows.     A  retort-like  vessel  (see  Fig.  11) 

^  "^         ^y.  >  was  filled  with  distilled  water  which  had 

<^    <»     "^       '  '\ allowed  to  cool  completely  in  a  closed 

^  '     J^^^^^^K  \then  displaced  by  Nitrous  oxide,   a. 

"^    *^*    "^  ^        *'-S  ^larly  filled  with    boiled-out  wate»\ 

^  ^W  *^    ^    ^^  *^^  introduction  of  twenty  seven - 

^%  '^    r!t  V  '  -^  dark.      A  third  retort,  c,  was 

^-^^   *%  ulings  and  water,  but  the  water  was 

^    '  air.     The  ^2^   ^s  prepared  by  heating 

.rn  nitrate  in  a  retort,  and  the  evolved  gas  is 

.*ough  a  solution  of  Ferrous  sulphate,  and  through 

.*ee  it  from  the  small  quantities  of  Nitric  oxide  and 

acid  which  may  be  present.     In  introducing  the  gas,  care 

.ast  be  taken  that  a  very  small  quantity  of  water  is  left  behind  in 

the  tube  of  the  retorts.     In  my  experiments  the  retorts  were  left 

for  twenty  hours  at  a  temperature  of  about  20°  C.    The  retort  tubes 

dipped  into  mercury,  and  the  small  quantities  of  water  left  in  the 

tubes  served  to  protect  the  seedlings  from  the  injurious  effect  of 

the  mercury  vapour.     At  the  end  of  the  twenty  hours  all  the 

retorts  were  placed,  still  inverted,  with  their  mouths  under  water 

cooled  by  means  of  broken  ice,  cai'e  being  taken  not  to  admit  air 

during  the  transference.      The  gas  present  in  the  retorts  a  and 

h   now  gradually   became  almost  completely  absorbed,  while   in 

the  retort  c  a  large  volume  of  gas  remained  behind.      The  N2  O 

therefore  could  not  have  been  decomposed  by  the  seedlings.     The 

small  quantities  of  gas  remaining,  after  the  absorption  of  NgO,  in 

the  retort  a  (seedlings  absent),   and  in  the  retort  h  (seedlings 

present),  were  clearly  derived  from  the  water  used  for  absorption.* 

We  further  make  the  following  experiment  to  show  that  seeds 

are  unable  to  germinate  in  Nitrous  oxide  gas.     Two  retort-like 

vessels,  a  and  fe,  are  filled  with   distilled  water,  which  has  been 

*  The  preparation  of  the  NgO  must  of  coarse  be  allowed  to  proceed  for  some 
time  before  the  gas  is  introduced  into  the  vessels,  so  as  to  drive  all  the  air  oat 
of  the  generating  apparatus.  At  the  close  of  the  experiments  we  may  transfer 
the  vessels  to  cold  alcohol  instead  of  cold  water,  since  the  former  abporbs  the 
NgO  more  energetically. 
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the  filter,  we  first  use  water  saturated  with  Ba  C  Os,  then  pure 
water.  The  Bariam  carbonate,  after  being  dried  and  gently 
ignited,  is  weighed,  and  we  calculate  the  corresponding  volume 
of  Carbon  dioxide  at  0°  C.  and  1,000  mm.  barometric  pressure. 
The  potash  solution  employed  always  contains  more  or  less  Potas- 
siam  carbonate  to  begin  with,  and  the  Carbon  dioxide  of  this 
must  be  determined  by  special  experiments,  and  taken  into 
account.* 

With  the  apparatus  described  we  can  deal  with  many  physio- 
logical questions.  Above  all  it  is  instructive  to  follow  closely  the 
respiration  of  germinating  seeds.  To  make  the  experiments  we 
soak,  and  lay  on  the  moist  blotting-paper,  say  2  gr.  of  wheat 
grains,  4  gr.  of  peas,  or  1  gr.  of  Raphanus  sativns  seeds.  After 
every  twenty-four  hours  the  apparatus  is  opened,  the  potash  solution 
replaced  by  new,  and  the  observation  continued.  The  temperature 
must  always  be  kept  very  constant,  e.g.  at  15°  or  20°  C. 

In  experiments  with  wheat  we  find,  e.g.,  that  2-2*5  gr.  of  grains 
with  advancing  germination  also  absorb  increasing  quantities  of 
Oxygen,  and  produce  increasing  quantities  of  Carbon  dioxide. 
From  the  fifth  day  onwards,  at  a  temperature  of  20°  C,  about 
20  c.c.  of  Carbon  dioxide  are  produced,  and  20  c.c.  of  Oxygen 
absorbed,  every  twenty-four  hours.  The  respiratory  ratio  is  here 
(and  generally  in  starchy  plant  structures)  approximately  =  1- 
In  the  germination  of  fatty  seeds  {e.g.  of  Raphanus)  we  find  the 
ratio  =  0*6-0  8.  They  take  up  relatively  much  Oxygen,  because 
the  fat  in  germination  suffers  oxidation,  and  gives  rise  to  carbo- 
hydrates. 


*  Literature  :  Detmer,  Phijsiol.-cJiem.  UnUrs.  fiber  Keimung,  1876;  Godlewski. 
Pringshelm'8  Jahrb.^  Bd.  13  ;  Moeller,  Berichte  d.DeutacJien  hotan,  QeselUeh.^  Bd. 
2;  Stich,  Flora,  1891 :  Bonnier  and  Mangin,  Annal  d.  $e.  nat.,  S^r.  6,  T.  17 
and  18,  give  a  method  of  gas  analysis,  employed  also  for  example  by  Stieh. 
which  in  many  cases  is  very  serviceable.  Farther  see  Bonnier  and  Mangin,  iu 
Annal.  d.  sc.  nat.,  Ser.  6,  T.  19 ;  Ser.  7,  T.  2. 


*  It  is  still  better  to  determine  tho  Carbon  dioxide  by  the  method  of  titration 
(see  102).  The  C0«  must  then  naturally  be  precipitated  from  the  potash  solu- 
tion before  and  after  the  experiment  by  means  of  Ba  CI3,  the  fluid  remaining 
behind  being  subjected  to  titration. 
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107.  The  Behaviour  of  Plants  in  Contact  with  Nitrons  Oxide  Gas. 

It  has  often  been  asserted  that  plant-cells  are  able  to  utilise  the 
Oxygen  of  Nitrons  oxide  for  normal  respiration.  I  have  made 
this  question  the  subject  of  special  investigation,*  and  my  experi- 
ments have  been  made  as  follows.  A  retort-like  vessel  (see  Fig.  11) 
of  aboat  90  c.c.  capacity  was  filled  with  distilled  water  which  had 
been  well  boiled  and  then  allowed  to  cool  completely  in  a  closed 
vessel,  and  the  water  was  then  displaced  by  Nitrous  oxide,  a. 
A  second  retort,  h,  was  similarly  filled  with  boiled-out  water, 
which  was  replaced  by  N2O  after  the  introduction  of  twenty  seven - 
days-old  pea  seedlings  raised  in  the  dark.  A  third  retort,  c,  was 
likewise  supplied  with  pea  seedlings  and  water,  but  the  water  was 
displaced  by  atmospheric  air.  The  NgO  is  prepared  by  heating 
commercial  Ammonium  nitnite  in  a  retort,  and  the  evolved  gas  is 
led  befoi-e  use  through  a  solution  of  Ferrous  sulphate,  and  through 
potash,  to  free  it  from  the  small  quantities  of  Nitric  oxide  and 
Nitric  acid  which  may  be  present.  In  introducing  the  gas,  care 
must  be  taken  that  a  very  small  quantity  of  water  is  left  behind  in 
the  tube  of  the  retorts.  In  my  experiments  the  retorts  were  left 
for  twenty  hours  at  a  temperature  of  about  20°  C.  The  retort  tabes 
dipped  into  mercury,  and  the  small  quantities  of  water  left  in  the 
tubes  served  to  protect  the  seedlings  from  the  injurious  effect  of 
the  mercury  vapour.  At  the  end  of  the  twenty  hours  all  the 
retorts  were  placed,  still  inverted,  with  their  mouths  under  water 
cooled  by  means  of  broken  ice,  cai'e  being  taken  not  to  admit  air 
during  the  transference.  The  gas  present  in  the  retorts  a  and 
h  now  gradually  became  almost  completely  absorbed,  while  in 
the  retort  c  a  large  volume  of  gas  remained  behind.  The  N2  O 
therefore  could  not  have  been  decomposed  by  the  seedlings.  The 
small  quantities  of  gas  remaining,  after  the  absorption  of  N2O,  in 
the  retort  a  (seedlings  absent),  and  in  the  retort  h  (seedlings 
present),  were  clearly  derived  from  the  water  used  for  absorption.* 

We  farther  make  the  following  experiment  to  show  that  seeds 
are  unable  to  germinate  in  Nitrous  oxide  gas.  Two  retort-like 
vessels,  a  and  fe,  are  filled  with   distilled  water,  which  has  been 

*  The  preparation  of  the  NgO  must  of  coarse  be  allowed  to  proceed  for  some 
time  before  the  gas  is  introduced  into  the  vessels,  so  as  to  drive  all  the  air  oat 
of  the  generating  apparatus.  At  the  dose  of  the  experiments  we  may  transfer 
the  vessels  to  cold  alcohol  instead  of  cold  water,  since  the  former  abporbs  the 
NjO  more  energetically. 
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boiled  out  and  then  allowed  to  cool  thoroughly  in  closed  vessels. 
In  each  vessel  we  now  place  a  few  soaked  wheat  grains,  dip  tUe 
mouths  of  the  vessels  under  mercury,  and  replace  the  water  in  * 
by  N2O,  that  in  h  by  atmospheric  air.      In  the  course  of  a  ic^ 
days  the  grains  in    b   germinate;  those  in   a   do  not  germinate*- 
If,  however,  they  are  placed  in  the  air,  and  exposed  to  norii»»» 
conditions  of  germination,  they  subsequently  develop,  if  they  ha  "^® 
not  been  kept  in  the  Nitrous  oxide  too  long,  e.g.  for  only  tw^o 
days. 


^  See  Detmer,  LandwirthseJd,  Jahrhiicher,  Bd.  11,  p.  213.     See  also  Mdll« 
Der.  d.  Deutschen  botan,  GeselUch.,  Bd.  2. 


108.    Formation  of  Alcohol  in  Plants,  and  the  Behaviour  0: 

Anaerobic  Organisms. 

We  procure  some  wort  from  a  brewery,  transfer  say  200  c.c.  ^^oi 
it  to  a  flask,  and  add  a  small  quantity  of  very  pure  yeast  whidsh 
has  been  made  into  a  pulp  with  water.  The  dry  weight  of  19=^^ 
yeast  we  determine  by  a  control  experiment.  After  some  tim^  -*» 
when  the  fermentation,  which  quickly  becomes  energetic,  h 
slackened,  we  collect  the  yeast  in  the  flask  on  a  weighed  filter,  ai 
find  by  determination  of  its  di-y  weight  that  a  considerable  pr- 
duction  of  yeast  has  taken  place  under  the  conditions  described. 

Saccharomyces  cerevisice  g^ows  actively  if  well  supplied  wi^t:^" 
Oxygen.  But  under  these  conditions,  as  also  with  a  limit^^" 
supply  of  air  or  complete  deprivation  of  Oxygen,  the  fungus  ^^^ 
able  to  provoke  in  certain  food  solutions  very  vigorous  alcohol:^  ^ 
fermentation,  as  is  readily  proved  by  aspirating  air  through  wor:^^ 
to  which  a  fair  quantity  of  yeast  has  been  added,  or  even  by  lead-  ' 
ing  Oxygen  into  it  from  a  gasometer. 

In  this  and  in  many  other  cases  it  is  of  importance  to  obtai*^ 
a  measure  of  the  rate  of  fermentation.     This  is  secured  by  deter- 
mining  the  quantity  of  sugar  decomposed  in  the  fermentation,  or 
the  quantity  of  alcohol  produced. 

In  the  sugar  determinations,  10  c.c.  of  the  Pasteur's  solution, 
for  example,  with  which  we  experimented,  is  diluted  till  the  pro- 
portion of  sugar  is  reduced  to  |-J  per  cent.,  and  if  cane-sugar  has 
been  used  for  making  the  Pasteur's  solution,  is  heated  for  some 
time  with  Sulphuric  acid.  (See  above  under  sugar  determination^ 
The  determinations  of  sugar  are  then  easily  made  by  means  of 
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?^ehling'8  solation.  The  fermented  fluid  is  in  every  case  to  be 
leated  for  a  considerable  time  in  a  state  of  dilution  before  the 
agar  determinations  are  made,  in  order  to  drive  off  the  alcohol. 

Quantitative  determinations  of  alcohol  are  made  as  follows : — 
500  c.c.  of  the  fermented  fluid,  without  being  filtered,  is  distilled 
n  a  flask  of  400  c.c.  capacity.  To  prevent  the  fluid  from  frothing 
ip,  wo  put  into  it  a  fragment  of  paraffin.  The  flask  in  whicb  the 
Listillate  is  collected  must  be  closed  almost  air-tight,  so  as  to  pre- 
sent loss  of  alcohol.  During  the  distillation,  the  receiver  must  be 
cept  cool  by  means  of  a  stream  of  cold  water.  When  we  have 
obtained  about  100  c.c.  of  distillate,  we  determine  its  specific 
gravity.  From  this,  by  means  of  suitable  tables  (see  Konig, 
Unterstichung  landwirthschaftlich  und  gewerhlich  wichtiger  Stoffe, 
Fabelle  15),  the  quantity  of  alcohol  con- 
rained  in  100  c.c.  of  the  distillate  can  be 
directly  deduced  in  percentage  by  weight 
3r  volume.  The  number  found  must  be 
divided  by  2,  since  the  distillate  contains 
tbe  whole  of  the  alcohol  of  the  original 
200  c.c.  of  fermented  fluid. 

If   it   is    required    to    lead    gases    (air, 
Hydrogen)   through    the   fermenting  food 
solutions,  we  may  use  the  apparatus  repre- 
sented   in    Fig.    104.      The   funnel-shaped 
portion,   A,  which  receives  the  food  solu- 
tion, is  continuous  with  the  glass  tube,  B, 
on  which  is  blown  a  bulb.      The  rubber 
stopper,  K,  receives   the   thermometer,  T, 
and  the  gas    exit   tube,  G.      Through    B 
gas  is   introduced    into  the  fluid,  through 
which    it    streams    from    below    upwards. 
The  portion    A  of    the    apparatus   has   a 
capacity  of  about  250  c.c.     In  order  not  to 
lose  the  alcohol  carried  over  with  the  gas, 
O    is    connected   with    a   condensing    ap- 
paratus.    This  consists  of  a  small  flask,  which  can  be  closed  by 
means  of  a  two-holed  cork.     Into  one  hole  passes  a  tube  to  carry 
off  the  gas,  while  the  other  receives  the  tube  bringing  the  gas,  the 
portion  of  this   within  the  flask  being  in  the  form  of  a  worm. 
The  lower  end  of  the  worm  dips  into  some  water  contained  in  the 
flask.     Tlie  condensing  apparatus  is  placed  in  a  large  glass  con- 


FiG.  101.  — Apparatus  for 
investigating  fermentation. 
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taining  water  and  broken  ice.     If  an  experiment  is  to  be  int*^* 
rupted  before  the  fermentation  is  completed,  in  order,  e.j/.,  to  ^^' 
termine  the  quantity  of  alcohol  produced  at  the  end  of  a  defii*^^* 
time,  we  open  the  fermentation  vessel  and  add  to  the  food  8<:>^^' 
tion  20  c.c.  of  5  per  cent,  corrosive  sublimate  solution,  so  a9     ^ 
secure  instantaneons  cessation  of  the  fermentation. 

The  apparatus  here  described  is  very  serviceable,  e.g.,,  when  ifc  ^R 
required  to  prove  that  yeast  brings  about  vigorous  fermentatiom-  ^^ 
wort,  both  in  absence  of  Oxygen  and  in  presence  of  air,  wlm  ^^^ 
with  Pasteur's  food  solution  the  fermentation  is  only  feeble  ^^ 
presence  of  air,  but  active  in  absence  of  Oxygen.  Regarding  tz-  ^^ 
yeast  to  be  employed,  consult  the  appendix.  To  the  food  solutL  -^^^ 
in  A  must  be  added  a  few  c.c.  of  yeast  fluid.* 

If  it  is  only  desired  to  prove  qualitatively  that  alcohol  is  form.    ^^^ 
during  fermentation,  we  proceed  in  exactly  the  same  way.      T    '^^ 
distillate  obtained  is,  however,  again  subjected  to  distillation.    T      ^^ 
fluid  now  obtained  smells  strongly  of  alcohol;  it  is  inflammab'^— --^^- 
If  we  dissolve  some  Potassium  bichromate  in  a  little  water,  add         ^ 
it  some  concentrated  Sulphuric  acid,  and  introduce  a  few  drops  °^ 

the  mixture  into  the  last  distillate,  it  becomes  green,  because  t^^^^ 
Chromic  acid  is  reduced,  the  alcohol  present  being  oxidised. 

To  prove  the  very  important  fact  that   the  higher  plants 
absence  of  free  Oxygen,  while  they  undergo  intramolecular  I'es] 
ration  and  at  last  gradually  perish,  produce  alcohol,  we  expei 
ment  with  grapes,  cherries,  or  peas.     The  objects  are  laid  for 
minute  in  corrosive  sublimate  solution  (1:  "1,000),  so  as  to  kill  an 
yeast-cells  which  may  be  clinging  to  them  externally,  and  the 
well  rinsed  with  water.     The  fruits  are  now  at  once  used  for  th 
investigation,  while  the  pea  seeds  are  soaked  in  water,  and  gci 
minated  for  one  to  two  days  on  moist  blotting-paper.*     We  nov   ^'    ? 
quite  fill  a  litre  flask  with  the  fruits  or  seedlings  and  close  it  witL^^    . 
a  rubber  stopper  through  which  passes  the  shorter  limb  of  a  glas^^ 
tube  bent  twice  at  right  angles.     The  longer  limb  of   this  tab^      f 
dips  into  mercury.     The  Oxygen  in  the  apparatus  is  soon  con-      ^ 
sumed.     Intramolecular  respiration  speedily  sets  in,  which  results      / 
in  an  evolution  of  gas  continuing  often  for  weeks,  but  ultimately 
becoming  slow,  and  at  last  completely  ceasing,  when  the  objects      ' 
are  dead.     If  in  this   state   brought   into    the   air,  they  rapidly     f 
undergo  decomposition.     When  the  fruits  or  seedlings  have  been    i 

*  The  water  and  blotting-paper  must  first  of  all  be  sterilised. 
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n  the  apparatus  for  three  to  four  weeks,  we  open  ifc,  pound  the 
naterial,  and  subject  it  (in  tlie  case  of  the  seedlings  after  addition 
)f  water)  to  distillation.  The  fruits  yield  perhaps  li  per  cent, 
'in  terms  of  the  weight  of  fresh  material  taken),  the  pea  seedlings 
')  per  cent,  of  their  dry  weight  of  alcohol.  The  alcohol  can  easily 
>e  recognised  as  such  in  the  manner  above  indicated.  Aromatic 
compounds  and  fusel  oil  are  always  mixed  in  larger  or  smaller 
quantities  with  the  alcohol  produced.* 

Yeast,  as  shown  particularly  by  Pasteur's  valuable  re8earche.<5, 
s  able  to  grow  not  only  in  presence  of  air,  but  also,  though  more 
dowly,  in  complete  absence  of  Oxygen.  On  the  other  hand,  thu 
Butyric  acid  organism  (Clostridium  bntyricum,  a  Schizomycete) 
is  one  of  the  obligate  anaerobia.     The  fungus  appears  in  the  form 


Fig.  106. — Apparatus  for  proving^  that  there  are  organisms  capable  of  growing  in  coai- 
)lete  absence  of  Oxygen. 


^f  shorter  and  longer  rodlets.  We  prepare  a  5  per  cent,  solution 
■)f  cane-sugar,  to  which  we  add  some  meat  extract,  so  that  the 
iuid  appears  yellowish.  We  also  add  to  the  fluid  some  Potassium 
:rarbonate,  so  as  to  give  it  a  slightly  alkaline  reaction.  Still  more 
suitable  is  the  following  food  solution : — to  one  litre  of  water 
50  gr.  of  potato  starch,  0*5  gr.  of  Ammonium  chloride,  0*2  gr.  of 
Magnesium  sulphate,  1  gi*.  of  acid  Potassium  phosphate,  and  25  gr, 
jf  chalk.  If  the  solutions  are  left  in  the  thermostat  at  35°  C,  in 
not  too  tightly  corked  thick-walled  vessels,  they  exhibit  by  the 

"*  The  formation  of  alcohol,  according  to  our  present  views,  appears  to  be 
Gictaally  a  function  of  the  living  protoplasm.  The  whole  subject,  however, 
Qeeds  farther  very  searching  experimental  treatment.  We  must  particcdarly 
keep  in  view  the  injuries  which  plant-cells  experience  when  kept  for  a  consider- 
Gible  time  in  a  space  devoid  of  Oxygen. 
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second  or  third  day  active  fermentation.  The  evolution  of  gas 
(C  O2  and  H)  resulting  from  the  spontaneous  appearance  of  the 
butyric  organism  is  so  energetic,  as  I  have  observed,  that  the 
corks  are  forcibly  expelled,  and  the  fluids  at  once  acquire  the 
characteristic  smell  of  Butyric  acid.  Wo  will  now  demonstrate 
the  anaerobic  character  of  Clostridium  butyricum,  and  for  that 
purpose  put  together  the  apparatus  represented  in  Fig.  105. 

The  flask  d  of  about  500  c.c.  capacity  is  about  two-thirds  filled 
with  food  solution  of  the  composition  indicated.  We  plug  the 
mouth  of  the  flask  with  cotton  wool,  and  sterilise  the  solution  bj 
boiling  for  about  half  an  hour.  After  cooling,  we  remove  the 
cotton  wool,  quickly  infect  the  contents  of  the  flask  with  a  few 
drops  of  a  fluid  in  which  the  butyric  fermentation  is  already 
proceeding,  and  at  once  close  the  flask  with  a  very  well-fitting, 
two-holed  rubber  stopper.     The  glass  tubes  E',  R',  B"\  bent  as 

indicated  in  the  figure,  are 
sterilised    before     the    ap- 
paratus   is    put    together. 
The    longer    limb    of    the 
tube   B"'   opens  below  the 
mercury   in    the    bottle  e. 
W  and  E*    are   connected 
within  the  basin  c  bv  means 
of  the  short  piece  of  rubber 
tubing,    h.      The   bottle  /> 
contains  a  solution  of  Potas- 
sium   permanganate.      We 
now  prepare  Hydrogen  by 
the  action  of  Arsenic-free 
Zinc  on  Hydrochloric  acid 
(the   water  used  to  dilute 

Fig.  10e.-AppanitaB  for  investigating  fermeuta-  ^j^-  ^   g^    ^       ^jj  ^ 

tion  in  absence  of  free  Oxygen*  *«m^«      »»«     ^^    *w« 

so  as  to  free  it  as  com- 
pletely as  possible  from  air),  and  let  it  enter  the  apparatus 
at  h,  after  passing  through  a  wash  bottle  containing  potash  sola- 
tion.  This  wash  bottle  and  the  Kipp's  apparatus  are  not  repre- 
sented in  the  figure  (but  see  Fig.  97).  We  lead  Hydrogen  through 
the  apparatus  for  about  two  hours,  so  as  to  displace  all  the  Oxy- 
gen, then  pour  mercury  into  the  dish  c  and  remove  the  connection 
tubing  A:,  so  that  the  tube  i2"  now  opens  under  mercury.  The 
apparatus  is  put  in  a  thermostat  at  35°  C.     In  the  course  of  a  few 
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days  fermentation  begins.  The  flnid  in  d  becomes  more  and  more 
tnrbid,  and  we  thos  see  that  the  Butyric  acid  organism  is  able  to 
develop  in  complete  absence  of  free  atmospheric  Oxygen.*  To 
make  the  experiment  with  yeast  we  use  wort  as  the  food  solution, 
and  infect  it  with  the  smallest  possible  quantity  of  pure  yeast. 

It  is  also  very  convenient  to  work  with  the  apparatus  repre- 
sented in  Fig.  106.  The  flaak  K  holds  about  250  c.c.  We  fill  it 
with  food  solution  and  sterilise  this  by  boiling.  After  cooling  the 
solution  we  introduce  into  it,  by  passing  a  fine  glass  tnbe  through 
the  leading  tube  22,  which  is  provided  with  a  stop-cock,  a  small 
quantity  of  fluid  containing  Clostridium  or  yeast-cells,  pass  a 
current  of  Hydrogen  for  two  hours,  put  the  end  of  the  tube  R' 
under  mercury,  and  at  once  close  the  stop-cock  H,  The  bulb  Kl 
has  merely  the  object  of  rendering  it  impossible  for  mercury  to 
pass  over  into  the  flask  if  the  tempei*ature  of  the  laboratory  should 
fall  considerably. 


^  For  further  information  aboat  fermentation  ezperhuents,  see  Chudiakow  in 
LandwirthscKL.  Jahrhacher^  Bd.  23.     See  also  Note  2. 

'  Literature  for  the  section:  A.  Mayer,  Lehrbuch  d.  Gahrungscheniiej  1874^ 
Nachtrag,  1876;  Pasteur,  Compt.  rend.,  1861,  T.  52;  also  in  the  years  1863, 
1872,  and  1875 ;  also  Etude  a.  I,  hilre,  1876 ;  Brefeld,  Landmrthschl.  Jahr- 
biicherj  1874,  1875,  and  1876.  On  the  formation  of  alcohol  in  the  cells  of  the 
higher  plants,  see  Brefeld,  LandioirtJischl.  Jahrb,,  1876,  p.  324,  and  Lechartier 
and  Bellamy,  Compt.  rend.,  T.  69,  75,  and  79.  Respecting  anaerobic  organisms, 
see  Pasteur's  cited  papers,  and  Prazmowski,  Unters.  iiber  einige  Bacterien- 
arten,  Leipzig,  1880;  Detmer,  Lehrbuch  der  Pflanzenphysiologie,  1883,  p. 
173. 


109.     Production  of  Heat  in  Plants.    Phosphorescence. 

With  respiration  is  necessarily  associated  in  plants  a  liberation 
of  heat.  The  proper  temperature  of  plants  may  under  certain 
circumstances  reach  a  considerable  height.  It  has  been  found,  for 
example,  that  actively  respiring  tissue  masses  are  sometimes 
warmer  by  several  degrees  than  their  surroundings.  In  particular 
the  spontaneous  development  of  heat  in  the  spathe  of  the  inflor- 
escences of  Aroids  is  very  considerable  ;  ^  but  since  such  material 
is  not  always  available,  we  shall  first  employ  germinating  seeds  to 
prove  that  plants  produce  heat.  Experiments  with  seeds  can 
conveniently  be  made  at  any  time.  We  use  the  apparatus  shown 
in  Fig,  107.  Under  a  bell-glass  stands  a  vessel,  G^  containing 
strong  potash  solution.     In  the  funnel  T  is  first  placed  a  small 
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perforated  fiUer,  and  then  the  seedlings  which  we  wish  to  examine 
with  reference  to  their  spontaneous  development  of  heat.    The 

tubulus  of  the  bell-glass  is  fitted  with  a 
cork  through  which  passes  the  thermometer 
Tm,  fixed  so  that  the  germinating  seeds 
completely  surround  its  bulb.  The  seed- 
ling material  is  easily  obtained  by  laying 
seeds  (Pisum,  Triticum),  after  soaking,  on 
damp  blotting-paper,  when  germination  at 
once  begins.  We  fit  up  a  second  apparatus 
in  exactly  the  same  way,  filling  the  funnel, 
however,  not  with  developing  plants,  hnt 
with  paper  balls  which  have  been  soaked 
in  water.  I  experimented,  e.g.,  with  wheat 
seedlings,  four  days  old,  placed  in  a  funnel 
of  about  200  c.c.  capacity.  The  thermo- 
meter after  some  time  indicated  a  tempera- 
tnre  of  19°  C,  while  the  thermometer  in 
the  funnel  containing  moistened  paper 
pellets  only  registered  17°  C.  The  seed- 
lings were  thus  2°  C.  higher  in  temperature. 
Using  the  above  form  of  apparatus  we 
need  not  fear  that  the  material  w^ill  suffer 
from  want  of  Oxygen,  since  it  is  not  air- 
tight, and  the  Carbon  dioxide  produced  is  absorbed  by  the 
potash.  On  the  other  hand,  it  is  important  to  put  the  apparatus 
together,  and  introduce  the  seedlings  and  paper  pellets  re- 
spectively, some  hours  before  the  thermometer  readings  are  to 
be  taken  (e.g.  in  a  lecture).  It  is  likewise  necessary,  before 
making  the  experiments,  to  carefully  compare  with  one  another 
the  two  thermometers  which  we  use.  It  is  also  instructive  to 
oxperiment  with  flowers  instead  of  seedlings,  e.g.  flowers  of 
Anthemis  or  Bellis.  The  development  of  heat  in  these  is  fairly 
large. 

To  prove  that  heat  is  liberated  in  the  alcoholic  fermentation  set 
up  by  yeast,  we  simply  proceed  as  follows.  We  prepare  two 
cylinders  A  and  JB.  In  -4  we  place  300  c.c.  of  Pasteur's  food 
solution  (for  its  preparation  see  18)  ;  in  B  300  c.c.  of  water.  In 
both  fluids  is  placed  a  considerable  quantity  of  yeast,  and  they 
are  then  kept  at  a  temperature  of  about  24P  C.  When  active 
fermentation  has  been  set  up  in  cylinder  A,  we  determine  the 


PiQ.  107.— Appftratus  fcr 
proving  the  production  of 
heat  bj  plants. 
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^mperatnre  of  the  fluids.  It  is  foand  that  that  contained  in  the 
jjlinder  A  is  1°  or  2°  C.  warmer  than  the  water  in  the  cylinder 
B. 

In  searching  and  accurate  investigations  on  the  proper  tempera- 
iare  of  plants  we  may  conveniently  use  a  respiratory  vessel  such 
is  is  indicated  in  Fig.  97,  of  about  200  c.c.  capacity,  and  provided 
writh  a  spiral  tube.  We  require  two  of  them.  One  we  fill  with 
'our  to  five  days  old  wheat  or  barley  seedlings,  grown  in  sawdust, 
:he  other  with  seedlings  which  have  been  killed  by  immeraion  in 
soiling  water  to  which  some  Salicylic  acid  has  been  added.  The 
:wo  vessels  are  connected  with  one  another  by  means  of  rubber 
:ubing ;  they  are  provided  with  carefully  compared  thermometers, 
completely  packed  in  cotton  wool,  and  placed  in  a  wooden  box. 
This  is  put  in  a  room  with  a  north  aspect,  in  which  the  tempera- 
ture varies  little.  The  vessel  containing  living  plants  we  put  in 
connection  with  an  aspirator,  and  lead  a  slow  stream  of  air 
^saturated  with  moisture  over  the  research  material.  The  air 
3nters  through  the  spiral  tube  of  the  vessel  containing  the  dead 
seedlings.  The  observations  of  temperature  made  from  time  to 
bime  (say  every  half-hour)  indicate  that  the  fresh  material 
rapidly  assumes  a  temperature  of  2°-3°  C.  higher  than  the  dead 
material.  These  last  do  not  develop  heat,  while  the  living 
seedlings  undergo  a  considerable  rise  of  temperature. 

We  will  now  pass  through  the  apparatus  for  about  an  hour  a 
rapid  stream  of  Hydrogen  (the  gas  is  purified  by  being  passed 
through  a  wash  bottle  containing  Potassium  permanganate  and 
potash  solution).  This  being  done,  we  close  the  stop-cock  W 
(Fig.  97),  and  also  a  stop-cock  on  the  spiral  tube  of  the  vessel 
containing  dead  material.  The  vessels,  still  packed  in  cotton  wool, 
are  left  alone  for  a  few  hours  only.  The  elevation  of  temperature 
in  the  living  seedlings  is  now,  since  the  i*espiration  is  intramolecu- 
lar, only  very  slight,  about  0°'2-0°'3  C. ;  it  rapidly  rises,  how- 
ever, to  2°-3°  C.  when  air  is  again  led  through  the  apparatus. 

Observations  on  the  heat  developed  by  seedlings  in  normal 
respiration  shBwed  me  also  that  it  is  greater  the  nearer  the  tem- 
perature at  which  we  are  Experimenting  approaches  the  optimum 
(4fO°  C).  This  is  quite  natural,  because,  with  rising  temperature, 
metabolism  and  respiration  in  the  plant-cells  (and  therefore  also 
development  of  heat)  are  more  active  than  at  lower  temperatures. 

When  we  supply  the  apparatus  not  with  seedlings,  but  with 
adequate    quantities   of  the   spadices   of   Arum   maculatum,  the 

P.P.  U 
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spathes  of  ^hich  have  just  opened  (one  vessel  with  dead,  the  other 
with  living  spadices),  we  find  the  elevation  of  temperature  in 
normal  material  to  be  in  intramolecular  respiration  about  0°*2  C, 
but  in  normal  respiration  10°-15°  C. 

Exhaustive  researches  on  th6  proper  temperature  of  flowers 
have  been  carried  out  by  Dutrochet,  Hoppe,  G.  Kraus,  and  many 
others.  We  use  for  the  purpose  pot  plants  of  Colocasia  cordi- 
folium  or  of  Arum  maculatum,  put  into  pots  with  the  balls  of  earth 
in  the  spring,  a  good  time  before  flowering.  The  plants  are  placed 
in  diffused  light  in  a  room  with  a  north  aspect,  and  liable  to  as 
little  variation  of  temperature  as  possible.  The  rise  of  tempera- 
ture of  the  flowers  cannot  be  easily  determined  till  the  sexual 
organs  have  come  to  maturity,  and  the  spathes  open.  It  can  even 
be  detected  by  simply  placing  a  sensitive  thermometer,  e.g.,  against 
the  spadix. 

It  is  better  to  experiment  as  follows.  The  spadix  of  an  Arum 
is  forced  a  little  out  of  the  spathe,  and  laid  against  the  cylindrical 
bulb  of  a  sensitive  mercurial  thermometer,  supported  by  a  suitahle 
stand.  The  spadix  is  fixed  against  the  thermometer  by  means  of 
■  a  thin  rubber  ring.  We  may'  also  place  the  upper  end  of  the 
spadix  in  contact  with  a  thermometer,  whose  mercury  reservoir  is 
in  the  form  of  a  double- walled  bell.  It  is  also  naturally  of  import- 
ance to  determine  accurately  the  temperature  of  the  air  in  the 
room.  It  is  found  that  the  structures  investigated  are  warmer 
by  some  degrees  (Centigrade)  than  the  surrounding  air.  In  obser- 
vations extending  over  some  time  (several  days)  we  find  that  the 
difference  between  the  temperature  of  the  air  and  of  the  part  of 
the  inflorescence  is  not  exactly  the  same  at  all  times  of  the  day. 
The  difference  is  usually  greatest  at  a  particular  time  in  the 
afternoon.  We  find,  therefore,  what  is  very  remarkable,  a  daily 
periodicity  in  the  temperature  of  the  flowers.* 

If  it  is  required  to  prove  merely  in  a  general  way  that  in  the 
inflorescences  of  Aroids  a  very  considerable  development  of  heat 
takes  place,  plants  of  Arum  maculatum  in  flower  are  cut,  and 
placed  with  the  base  in  water.  After  removing  the  spathes,  a  fe^ 
spadices  are  fastened  by  means  of  thin  rubber  rings  round  the 
bulb  of  a  sensitive  thermometer  with  a  cylindrical  bulb. 


*  In  many  cases  it  is  also  advisable  to  keep  the  plants  under  large,  not 
perfectly  air-tight  cases  made  of  zinc  and  glass,  so  as  to  considerably  redace 
their  transpiration. 


METABOLTC  PHOCE9SE3  IN  THE  PLANT. 


291 


We  get  two  Qasks  of  about  500  c.c  capacity,  a  and  b,  and  fill  a 
J  fall  of  water,  and  h  J  full  of  a  fermenting  fluid  (beer  wort 
with  addition  of  yeast).  Both  Haeks  are  fitted  with  three-holed 
rabber  stoppers,  throa^h  each  of  which  is  passed  a  thermometer,  a 
leading  tube  reaching  to  the  bottom  of  the  flaak,  and  an  exit  tube. 
The  flasks  having  been  packed  in  wadding,  the  exit  tnbe  of  b 
is  connected  op  with  an  aspirator,  o  and  h  are  connected  by  rubber 
tabing,  and  a  slow  stream  of  air  is  bubbled  through  a,  and 
then  on  to  h.  After  a  time  we  find  that  the  fermenting  fluid  is 
iibout  2°  C.  warmer  than  the  water,  and  thisdifference  of  tempera- 
ture remains  when  Hydrogen  is  led  through  the  fluids.  Yeaat 
therefor*,  in  contrast  with  other  plants,  prodnces  about  the  same 
qnantity  of  heat*  both  in  normal  and  intramolecular  respira- 
tion. 

In  many  cases  it  is  adTisable  to  detei-mine  the  proper  tempera- 
ture   of   the   plants,  by  employing   a  thermo-electric  apparatus. 

This  method  may,  e.g.,  be  used    for  

investigating  shoots,  the  develop- 
ment of  heat  in  which,  generally 
speaking,  is  only  very  trifling.  I 
was,  f.3.,  able  to  show  in  this  way 
that  living  Helianthna  shoots,  about 
15  cm.  long,  in  air  saturated  with 
moisture,  were  about  0**.1  C.  higher 
in  temperature  than  dead  shoots. 
We  experiment  after  Dutrochet's 
method '  with  the  apparatus  indi- 
cated in  Fig.  108. 

The  ends  of  the  iron  loop  e  are 
soldered  to  the  copper  wires  o  and 
h,  and  the  junctions,  after  being 
carefully  varnished,  ai'e  pushed  into 
the  shoots  e  and  d,  of  which  c  is 
living,  while  d  has  been  killed  by 
immersion  in  hot  water.  The 
difference  in  temperature  between 
the  shoots  is  indicated  by  the  de- 
flection of  the  galvanometer  inserted 
between  the  ends  of  the  wires  n  and 
m.  The  deflection  of  the  galvano- 
meter   corresponding   with    0°'l  C.  difference    of    tomperatore, 


292  PHYSIOLOGY  OF  NUTRITION. 

must  of  coarse  be  determined  by  special  preliminary  examina- 
tion. 

In  our  figure,  the  dead  shoot  d  is  fastened  by  a  thread  to  the 
support  8f  while  the  living  shoot  stands  in  the  vessel  of  wat€r  i. 
To  secure  the  provision  of  air  saturated  with  moisture,  the  plants 
are  placed  in  the  flower-pot,  a,  the  rim  of  which  supports  a  sheet 
of  plaster  of  Paris,  on  which  rests  a  bell-glass  provided  round 
the  bottom  with  moist  sand. 

In  employing  the  above  method,  more  attention  must  be  paid 
than  hitherto  has  been  to  the  possibility  that  electric  currents  are 
set  up  merely  in  consequence  of  the  contact  of  the  thermo-electric 
junctions  with  the  moist  plant  structures. 

That  some  plants  emit  light  in  consequence  of  their  vital  pro- 
cesses is  a  demonstrated  fact.  Thus  there  are,  e.g.y  a  series  of 
phosphorescent  bacteria,  and  I  myself  once  was  able  to  observe  the 
phosphorescence,  due  to  bacteria,  emitted  from  putrid  fish. 

Similarly  the  phosphorescence  of  Agaric  us  olearius,  A.  melleus, 
and  Xylaria  hypoxylon  is  well  known.  The  phenomena  in  question 
have  been  studied  especially  by  Fabre  and  Ludwig  in  Greiz. 
Agaricus  melleus  grows  chiefly  on  conifers,  and  if  in  winter  we  dig 
up  the  roots  of  the  trees  attacked,  or  collect  portions  of  the  sticks 
containing  its  mycelium,  we  can  easily  observe  in  the  dark  the 
light  emitted  by  the  wood,  especially  if  the  material  has 
previously  been  kept  for  a  day  in  a  damp  cellar.  If  we  note  the 
trees  or  sticks  infected  by  the  Agaricus,  we  can  at  any  time  of 
the  year  procure  luminous  wood. 

The  above-mentioned  species  of  Xylaria  is  to  be  found  through- 
out the  year  on  beech  sticks.     The  infected  wood  shines  with  a 
greenish  yellow  light.     The  light  emitted  by  "  luminous  wood 
penetrated  by  Agaricus  melleus  appears,  on  the  contrary,  whitish 
with  a  tinge  of  green. 

If  luminous  wood  is  immersed  for  a  short  time  in  water  at  80- 
100°  C,  it  loses  its  power  of  shining  in  the  dark,  since  the  fungus 
has  been  killed  by  the  heat.  The  luminosity  of  the  wood  is  also 
arrested  in  absence  of  Oxygen,  e.g.  in  a  stream  of  Hydrogen,  but 
is  resumed  on  exposure  to  the  air.  The  luminosity  is  due  to  a 
process  of  oxidation,  which  is  dependent,  in  a  manner  still  not 
understood,  on  the  vitality  of  protoplasm. 


*  See  G.  Kraus,  Abhandlungen  d,  natur/orsch.  GeselUehaft  zu  HalU^  Bd.  16, 
In  this  paper  also  the  literature  is  collected. 
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'  See  Eriksson,  Unters.  a.  d,  hot.  Inst,  zu  Tubingen,  Bd.  1. 
'  See  Datrochet,  Anncd  d,  8c.  nat.,  1840,  S6r.  U.  T.   13,  p.  5.    See  also 
Pfeffer,  Handhuch,  Bd.  2. 


III.     THE   BEHAVIOUR   OF  NON-NITROGENOUS   PLAS- 
TIC SUBSTANCES  IN  PLANTS. 

110.  Starch  as  Beserve  Material. 

In  very  many  receptacles  of  reserve  material,  the  non-nitroge- 
nons  substances  are  laid  down  in  the  form  of  starch.  We  may 
satisfy  onrselves  of  this  by  mounting  in  water,  and  examining 
under  the  microscope,  delicate  sections  from  the  cotyledons  of 
peas  or  beans,  from  the  endosperm  of  a  wheat  grain,  from  a  potato, 
or  from  a  rhizome  of  Canna  indica.  The  starch  grains  in  the  cells 
are  easily  recognised,  and  for  confirmation  we  may  stain  them  blue 
by  means  of  Iodine.  Even  in  the  medullary  rays,  and  in  the  wood 
of  trees  and  shrubs,  starch  is  very  generally  stored  up  during  the 
winter  as  reserve  material.^  I  obtained  particularly  good  results 
with  twigs  of  Berberis  vulgaris,  Fraxinus  excelsior,  and  Fagns 
sylvatica  gathered  in  January  and  February.  We  prepare  trans- 
verse and  longitudinal  sections  through  the  wood  of  Berberis  vul- 
garis, mount  them  in  a  drop  of  iodised  glycerine  (prepared  by 
leaving  Iodine  in  glycerine  for  some  time),  cover  with  a  cover- 
glass,  and  warm  the  slide  over  a  spirit  flame.  Microscopic  exami- 
nation  after  cooling  shows  that  the  medullary  rays  especially,  but 
also  the  elements  of  the  wood,  contain  agglutinated  masses  of 
starch,  which  have  stained  blue.  The  wood  of  Fraxinus  consists 
of  broad  and  narrow  vessels,  scanty  wood  parenchyma,  principally 
occurring  in  the  neighbourhood  of  the  vessels,  and  wood  fibres. 
Transverse  sections  through  the  wood,  treated  as  indicated  with 
iodised  glycerine,  show  that  it  is  mainly  the  cells  of  the  medullary 
I'ays  which  are  rich  in  starch.  In  Fagus  there  is  besides  the  ves- 
sels and  wood  fibres  a  fairly  large  quantity  of  wood  parenchyma, 
running  in  tangential  bands.  This,  as  also  the  cells  of  the  broad 
medullary  rays,  is  very  rich  in  starch.  In  the  spring  the  starch 
disappears  from  the  medullary  rays  and  wood  of  the  vascular 
bundles.  Obviously  the  starch  now  passes  out  of  these  tissues,  in 
which  it  was  stored  up  as  reserve  material,  and  travels  to  the 
growing  parts  of  the  plants. 

To  obtain  accurate  information  as  to  the  starch  contents  of  a 
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rbizome,  we  select  for  examination  the  root-stock  of  Pteris  aqni- 
Una,  which  creeps  horizontally  in  the  soil.  We  may  nse  alcohol 
material,  and  select  not  too  thick  pieces  of  the  rhizome.  The 
ground  tissue  consists  chiefly  of  parenchyma,  the  cells  of  ^hich 
contain  very  large  quantities  of  starch,  and  is  traversed  bj  very 
strongly  developed  plates  of  sclerenchyma,  observable  even  in 
macroscopical  examination  of  transverse  sections  of  the  rhizome 
as  broad,  dark  lines.  Between  these  plates  of  sclerenchyma  the 
bicollateral  vascular  bundles  are  readily  recognised.  Each  vas- 
cular bundle  is  surrounded  by  a  single  layer  of  cells  rich  in  starch 
(phloem  sheath,  Vorscheide)  and  by  the  endodermis  proper,  which 
is  however  free  from  starch. 

We  shall  often  recur  to  the  significance  of  starch  stored  up  in 
receptacles  of  j  reserve  material.  It  need  only  be  mentioned  here 
that  starch  is  the  most  important  non-nitrogenous  reserve  material 
in  plants,  and  that  when  it  is  to  be  employed  in  the  development 
of  this  or  that  organ  it  must  first  be  converted  into  soluble  com- 
pounds which  can  leave  the  storehouses.  Under  the  influence  of 
diastatic  ferments,  viz.,  starch  is  converted,  as  we  shall  see  in  112, 
into  glucose,  and  thus  its  translocation  is  rendered  possible. 


*  See  Sanio,  Vntersuchungen  iiber  die  in  Winter  Stiirke  fiihrenden  Zellen  dtt 
Holzesy  Halle,  1858. 


111.    The  Quantitative  Determination  of  Starch. 

Much  has  already  been  said  elsewhere  as  to  the  properties  and 
behaviour  of  starch.     At  this  place  the  chief  object  is  to  indicate 
the   method   to   be   employed   in  quantitative    determinations  of 
starch.     Starch  as  such  is,  as  is  known,  unable  to  reduce  Fehling'i* 
solution.     It  can,  however,  be  converted  into  grape-sugar  by  the 
action  of  acids,  and  this  is  readily  estimated  quantitatively  by 
means  of  Fehling\s  solution.     2-^3  gr.  of  pure  potato  starch,  which 
has  been  freed  from  water  at  a  temperature  of  100°-110°C.,  is 
heated  in  a  flask  with  200  c.c.  of  water.     To  the  fluid  is  added  20 
c.c.  of  25  per  cent.  Hydrochloric  acid,  and  it  is  then  heated  for  three 
hours  in  an  actively  boiling  water-bath,  the  water  lost  by  evapo- 
ration being   replaced.*     After  cooling,  the  fluid   is   neutralised 

'  Salphuric  acid  has  also  been  used  for  converting  starch  into  grape-sngar. 
Hydrochloric  acid,  however,  is  to  be  preferred.  SeeB.  Sachsse,  Phytoehemi$che 
Untertt.y  1880,  p.  47. 
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with  potash,  and  made  up  to  500  c.c.^  We  now  heat  dilute  Feh- 
ling's  solution  on  the  water-bath  in  an  evaporating  dish,  add  20 
c.c.  of  the  sugar  solution,  and  again  heat  for  ten  to  fifteen  minutes.  * 
The  Cuprous  oxide  formed  is  collected  as  rapidly  as  possible  on  a 
filter,  washed  with  hot  water  and  dried.  We  now  ignite  the  filter 
paper  and  strongly  heat  the  Cuprous  oxide  in  a  platinum  crucible 
with  addition  of  a  little  Potassium  nitrate,  and  finally  determine 
the  weight  of  the  Cupric  oxide  obtained.  220*6  parts  of  the 
Cupric  oxide  correspond  with  100  parts  of  grape-sugar,  or  90 
parts  of  starch.  The  requisite  Fehling's  fluid  is  prepared  as  fol- 
lows. We  dissolve  34*65  gr.  of  pure  Copper  sulphate  in  200  c.c. 
of  water,  mix  with  a  solution  of  173  gr.  of  Potassium  Sodium 
tartrate  in  480  c.c.  of  caustic  soda  solution  of  1*14  sp.  gr.  (about 
10  per  cent,  soda  solution),  and  dilute  the  fluid  to  1000  c.c.  at  15°  C. 
It  remains  to  be  mentioned  that  the  starch  contains  very  small 
quantities  of  mineral  matter.  These  must  be  determined  and 
allowed  for. 


*  On  other,  in  some  respeots,  still  more  exact  methods  of  estimating  starcb , 
see  Konig,  Anleitung  zur  Untersuchung  hindwirthschaftl.  wichtiger  Stofe^  1891, 
p.  231. 


112.  The  Occurrence  of  Diastase  in  Plants,  and  the  Manner  in 

Which  the  Ferment  Acts. 

Diastase  is  of  course  widely  distributed  in  the  vegetable  king- 
dom, but  the  quantities  of  diastase  present  in  different  kinds  of 
plants  is  by  no  means  the  same.  Germinated  barley  is  very  rich 
in  diastase.  If  malt  from  a  brewery  is  ground  up  in  a  small 
handmill,  we  obtain  a  powder  which  is  specially  useful  for  the  pre- 
paration of  a  diastase-containing  solution.  We  treat  25  gr.  of  the 
malt  powder  with  100  c.c.  of  water,  stir  the  mixture  frequently, 
and  after  some  time  (e.g.  one  to  two  hours)  filter  the  solution.  If  we 
add  25  c.c.  of  1  per  cent,  starch  paste  (prepared  by  mixing  100  c.c. 
of  distilled  water  with  i  gr.  of  potato  starch,  and  heating  to  boiling 
point)  to  5  c.c.  of  clear  diastase  solution,  a  transformation  of  the 
starch  is  quickly  observable.  Immediately  after  mixing  the  starch 
and  malt  extract,  a  sample  taken  from  the  fluid  assumes  a  blue 

*  It  must  farther  be  noted  that  the  sugar-containing  fluids,  which  are  added 
to  the  hot  Fehling's  solution,  must  not  contain  more  than,  say,  }-^  per  cent,  of 
sugar. 
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colour  on  addition  of  a  trace  of  alcoholic  Iodine  solution.  After 
a  few  minutes  the  fluid  containing  the  starch  and  diastase  baa 
become  clear,  but  a  sample  of  it  still  gives  a  blue  coloration  on 
addition  of  Iodine.  If  we  wait  for  some  time,  a  sample  of  the 
fluid  assumes  a  violet  coloration  with  Iodine.  A  sample  taken 
still  later  becomes  brown  on  addition  of  Iodine,  and  finally  (per- 
haps after  two  or  three  hours)  Iodine  no  longer  produces  a  marked 
coloration  in  a  sample  of  our  fluid.  Under  the  influence  of  dias- 
tase the  amylum  as  is  known  splits  up  into  a  series  of  related 
dextrins  and  sugar  (maltose).  These  dextrins  do  not  all  assume 
the  same  colour  on  addition  of  Iodine,  and  thus  the  Iodine  reac- 
tion affords  a  very  convenient  means  of  following  accurately  the 
transformation  under  the  influence  of  diastase.  To  determine 
with  certainty  the  diastatic  action  of  a  plant  extract,  especially  if 
the  quantity  of  ferment  is  inconsiderable,  it  is  necessary  for  rea- 
sons given  by  Wortmann,  in  his  treatise  cited  below,  not  to  add  the 
Iodine  till  the  mixture  of  plant  extract  and  starch  pa-ste  has  been 
boiled  and  completely  cooled  again.  If  then  no  blue  coloration 
is  found,  starch  is  certainly  no  longer  present.  The  formation  of 
sugar  may  also  be  easily  demonstrated.  We  determine  by  means 
of  Fehling's  solution  the  amount  of  sugar  present  in  5  c.c.  of  malt 
extract  (see  115),  treat  25  c.c.  of  starch  paste  with  5  c.c.  of  malt 
extract,  and  after  a  few  hours  estimate  the  amount  of  sugar  in  the 
fluid.  It  is  found  to  contain  far  more  sugar  than  did  the  5  c.c.  of 
malt  extract. 

If  a  not  too  small  quantity  of  malt  extract,  made  as  strong  as 
possible,  is  treated  with  a  large  excess  of  absolute  alcohol,  a  volu- 
minous precipitate  is  thrown  down.  We  collect  this  on  a  filter, 
wash  it  with  alcohol,  and  dry  the  residue  in  the  air.  It  consists 
of  a  number  of  different  substances,  and  among  them  the  diastase 
precipitated  by  the  alcohol.  If  we  dissolve  a  small  quantity  of 
the  dry  mass  in  water,  we  shall  obtain  a  fluid  which  transforms 
starch  very  enere^etically. 

It  is  of  interest  to  make  a  few  experiments  to  show  that  not 
only  barley  seedlings,  but  other  seedlings  also,  and  leaves  and 
stems  of  different  plants  contain  diastase.  I  have,  e.g.^  experi- 
mented with  wheat  seedlings  a  few  days  old,  and  pea  seedlings  ten 
days  old  (the  seedlings  had  developed  in  darkness),  and  also  with 
leaves  of  Sedum  maximum  and  stems  of  Impatiens  Balsamina. 
The  material  was  pounded  in  a  mortar,  flooded  with  a  little  water, 
and  after  some  time  filtered.     The  solutions  obtained  transformed 
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starch,  as  was  shown  by  means  of  the  Iodine  reaction.  Since, 
however,  snch  material  does  not  contain  nearly  so  much  diastase 
as  barley  seedlings,  it  is  advisable  to  nse  very  dilate  starch  paste, 
and  add  only  very  small  qnantities  of  it  (perhaps  2  c.c.)  to  a 
fairly  large  quantity  of  the  plant  extract.^  * 

To  prepare  the  diastase-containing  extracts,  the  plant  structures 
are  cut  up,  pounded  with  a  little  water  in  a  mortar,  and  placed  in 
from  two  to  four  times  their  volume  of  water  for  two  to  six  hours. 
We  then  filter.  Proceeding  in  this  way  we  can  certainly  discover 
the  ferment  in  plant  structures  if  it  is  present  in  good  quantity. 
The  method  is  not,  however,  suitable  for  small  quantities  of  dias- 
tase, and  hence  Wortmann's  conclusion  that  many  kinds  of  foliage 
leaves,  for  example,  in  which  he  could  detect  no  diastase  by  that 
method  of  treatment,  contain  no  ferment  capable  of  isolation. 
The  solution  of  the 
starch  would  then  be 
brought  about  directly 
by  the  protoplasm.  This 
may  be  true  in  some 
cases;  Brown  and  Morris, 
however,  have  recently 
pointed  out  that  in  many 
cases  the  treatment  of 
fresh  plant  structures 
with  water  for  extrac- 
tion of  diastase  is  not 
to  be  recommended  at 
all.  It  is  not  easy  to 
crush  all  the  cells  of 
these  fresh  structures, 
so  that  the  extraction  is  incomplete,  and  in  testing  for  diastase 
a  negative  result  may  be  obtained,  although  the  ferment  actually 
occurs  in  the  structures.  We  obtain  much  more  trustworthy 
resnlts  if  we  first  dry  the  material  at  about  40°  C,  then  rub  it 
down  very  finely,  and  now  add  the  powder  obtained,  or  an  ex- 
tract of  it,  to  starch  paste.  It  is  found  in  this  way  that  even 
many  foliage  leaves  are  very  rich  in  diastase,  as  I  satisfied  myself 
in  the  case  of  foliage  leaves  of  Pi  sum  sativum.^ 

With  reference  to  the  action  of  diastase  in  plants,  it  is  very  im- 
portant to  satisfy  oneself  that  the  ferment  can  act  upon  and  dis- 
solve not  only  starch  paste,  but  even  uninjured  starch  grains.     To 
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Fio.  100.— Starch  ffraioa  from  the  endoaperm  of  a 
wheat  grain  ia  different  stages  of  corrosion,  a, 
slightly  corroded ;  b,  more  deeply  corroded ;  c,  more 
deeply  still;  d,  most  strongly  of  all.  (After  Bara- 
netzky.) 
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3  cgr.  of  air-dry  wheat  starch  in  a  watch-glass  are  added  3  c.c.  of 
concentrated  malt  extract,  or  3  c.c.  o£  an  aqneons  solntion  of  the 
ferment  precipitated  by  alcohol.  If  we  employ  the  latter  we  add 
to  it  a  very  small  quantity  of  Citric  acid,  since,  as  is  shown  in  113, 
the  presence  of  acid  is  very  favourable  to  the  activity  of  diastase. 
The  watch-glass  is  carefully  covered,  and  we  observe  repeatedly 
during  twenty-four  to  forty-eight  hours  the  changes  which  compara- 
tively large  starch  grains  undergo,  drops  of  the  fluid  being  placed  on 
the  slide  and  examined  microscopically.  I  satisfied  myself  that 
there  was  a  considerable  difference  in  the  behaviour  of  the  starch 
grains.  Generally  the  corrosions  produced  have  the  appearance 
represented  in  Fig.  109,  a,  6,  c,  and  d.  The  solution  of  the  starch 
substance  proceeds  from  the  outside  inwards,  and  it  forms  bright 
radiating  bands  which  become  broader  with  increasing  corrosion, 
and  gradually  the  changes  proceed  further  and  further  inwards, 
the  corrosion  canals  also  frequently  becoming  branched,  so  that  at 
last  the  starch  grain  falls  to  pieces.* 


*  See  Detmer,  Landicirthschl,  Jahrhiicher^  Bd.  10. 

'  For  further  particulars  see  Wortmann,  Botan,  Zeitang,  1890. 
^  The  literature  on  the  diastatic  ferment  has  been  very  fully  discussed  bj 
Schleichert.     See  Nova  Acta  d.  Leop.- Carol.  Academ.y  Bd.  62. 

*  See  Baranetzky,  Die  stdrkeumbildenden  Fermente  in  den  Pflanzeny  1678,  p- 
48.     See  also  Krabbe,  JahrhUcher  /.  wissenschl.  Botanikf  Bd.  21. 


113.    The  Influence  of  Various  Substanees,  and  of  Temperature 
on  the  Transformation  of  Starch  by  Diastase. 

In  each  of  a  number  of  small  glasses  we  place  25  c.c.  of  1  per 
cent,  starch  paste.     The  vessel  a  contains  at  first  nothing  further: 
t/O  h  are  added  a  few  drops  of  Hydrochloric  acid  ;  to  c  a  few  drops 
of  a  concentrated  solution  of  Citric  acid  ;  to  d  a  few  drops  of  potash 
solution ;  to  e  a  few  drops  of  alcohol ;  to  /  a  few  drops  of  chloro- 
form.    Into  each  glass  we  now  pour  further  5  c.c.  of  malt  extract, 
and  at  the  end  of  twenty-four  hours  add  to  each  of  the  fluids,  by 
means  of  a  glass  rod,  a  small  quantity  of  alcoholic  Iodine  solntion. 
The  fluids  a,  e,  and  /  do  not  colour  blue.     All  the  rest  take  on 
a  blue   coloration  on  the  addition  of  the  Iodine.      Alcohol  and 
chloroform  have  not  an^ested  the  action  of  the  diastase ;  the  acids 
and  the  potash,  on  the  other  hand,  have  rendered  the  ferment 
inoperative. 

As  I'egards  the  influence  of  acids  in  diastatic  fermentation,  it  is, 
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however,  to  be  emphasised  that  only  large  proportions  of  acid 
annul  the  action  of  diastase.  If,  on  the  one  hand,  we  treat  25 
c.c.  of  paste  with  5  c.c.  of  malt  extract,  and,  on  the  other  hand, 
25  c.c.  of  paste  with  5  c.c.  of  malt  extract  and  2-3  mg.  of 
Citric  acid,  the  transformation  of  the  starch  takes  place  more 
rapidly  in  the  latter  fluid  than  in  the  former.  Small  quantities 
of  Citric  acid,  therefore  (and  small  quantities  of  other  acids 
behave  in  a  similar  manner),  do  not  arrest  the  action  of  diastase, 
but  on  the  contrary  favour  it. 

If,  on  the  one  hand,  we  mix  25  c.c.  of  starch  paste  at  a  tempera- 
ture of  15  or  20°  C.  with  5  c.c.  of  malt  extract  at  a  temperature 
of  15  or  20°  C.  and  keep  the  temperature  of  the  mixture  at  15 
or  20°  C,  and  if,  on  the  other  hand,  we  mix  together  25  c.c. 
of  paste  and  5  c.c.  of  malt  extract  after  cooling  to  4°  C,  we  can 
readily  satisfy  ourselves  by  means  of  the  Iodine  reaction,  that  the 
transformation  of  the  starch  by  the  diastase  proceeds  far  more 
rapidly  at  the  higher  than  at  the  lower  temperature.  The 
optimum  temperature  for  diastatic  action  lies  at  63°  C.  (Kjel- 
dahl). 

If  we  heat  malt  extract  to  the  boiling  point,  and  mix  the  fluid, 
after  it  has  been  allowed  to  cool,  with  paste,  it  is  found  that  no 
transformation  of  the  starch  ensues.  The  ferment  has  been  de- 
sti'oyed  by  the  heat.^ 


*  Se©  Detmer,  Pjfaiizenphysiologische  Untersuchungen  iiber  Fermenthildumj 
und  fermentative  Processes  Jena,  1884;  also  Landwirthschaftl.  JahrhUchei\  Bd. 
10. 


114.  The  Production  of  Diastase  in  the  Cells  of  Higher  Plants. 

Into  each  of  two  retort-like  vessels  of  about  90  c.c.  capacity,  we 
introduce  twenty  air-dry  wheat  gi'ains,  fill  the  vessels  with  water 
which  has  been  boiled  and  then  allowed  to  cool  again,  close  the 
mouths  of  the  vessels  with  the  finger,  and  invert  each  of  them  in 
the  manner  indicated  in  Fig.  11,  p.  34,  in  a  beaker  containing 
mercury  and  water.  At  the  end  of  twenty-four  hours  the  water 
in  one  of  the  vessels  is  replaced  by  atmospheric  air,  that  in  thc» 
other  by  Hydrogen.  We  prepare  the  Hydrogen  by  the  action  of 
arsenic-free  Zinc  on  dilute  Hydrochloric  acid  in  a  suitable  ap- 
paratus, and  we  pass  the  gas  first  through  a  solution  of  caustic 
potash,  then  through  a  solution  of  Potassium  permanganate  in 
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order  to  remove  any  traces  of  sulphuretted  Hydrogen  and  hydro- 
carbons which  may  be  present.  A  small  quantity  of  water  most 
be  left  above  the  mercury  in  the  tubes  of  the  retorts  in  oitier  to 
prevent  the  research  material  from  being  exposed  to  the  vapour  of 
the  mercury.  The  wheat  gi*ains  lying  in  atmospheric  air  quickly 
germinate ;  those  in  Hydrogen  do  not  germinate.  Control  experi- 
ments, however,  show  that  the  gfrains  exposed  to  the  Hydrogen  by 
no  means  rapidly  perish,  but  remain  capable  of  germination  for  a 
fairly  long  time  (for  several  days  at  least),  and  if  they  are  sub- 
sequently exposed  to  conditions  favourable  to  germination,  in 
presence  of  air,  their  embryos  will  develop.  When  the  material 
under  investigation  has  been  exposed  to  atmospheric  air  and 
Hydrogen  respectively  for  two  or  three  days,  it  is  removed  from 
the  vessels,  crushed  in  the  mortar,  and  the  pulp  is  treated  with 
20  c.c.  of  water.  After  some  time  we  filter  through  filter  paper 
not  previously  moistened.  If  we  now  mix  10  c.c.  of  the  filtrate 
with  20  c.c.  of  dilute  starch  paste,  the  Iodine  reaction  shows  that 
the  extract  from  the  seedlings  developed  in  the  vessel  containing 
air  acts  energetically  on  the  starch,  while  the  extract  from  the 
material  kept  in  Hydrogen  exhibits  only  a  very  slight  power  of 
transforming  starch.  It  is  not  greater  than  that  of  an  extract 
prepared  by  treating  twenty  dormant  wheat  grains,  after  pound- 
ing in  a  mortar,  with  20  c.c.  of  water.  The  experiment  teaches, 
therefore,  that  diastase  can  only  be  formed  in  the  cells  of  higher 
plants  in  presence  o£  free  atmospheric  Oxygen.^ 


*  See   Detmer,   Botan.    Zeitung,  1883,  No.  37,    and  Pflanzenphysiologitck 
Untersuchungen  Uber  Fcrmentbildung  und  fermentative  Processei  Jena,  1884. 


115.    The  Estimation  and  Microchemical  Detection  of  Glucose. 

Dextrose,  maltose,  etc.,  are  capable  of  directly  reducing 
Fehling*s  solution.  The  sugars  which  behave  in  this  manner  are 
grouped  together  under  the  general  name  of  "  glucoses."  If  it  is 
desired  to  estimate  the  amount  of  glucose  in  a  sample  of  malt> 
we  first  grind  the  material  to  powder  in  a  hand-mill,  and  determine 
the  weight  of  dry  substance  in  a  small  quantity  of  the  powder.  A 
further  quantity  of  the  powder,  say  3  gr.,  is  now  treated  re- 
peatedly with  cold  water,  and  the  resulting  solution  is  filtered. 
Extracts  prepared  from  seeds  or  seedlings,  with  which  also  we  are 
here  concerned,  frequently  do  not  at  once  give  a  clear  filtrate. 
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The  filtrate  is  easily  cleared,  however,  bj  passing  into  it  for  some 
time  washed  Carbon  dioxide.  The  combined  filtrates  are  precipi- 
tated with  Lead  acetate,  filtered  and  made  np  to  a  known  yolnme, 
say  200  c.c.  In  the  resulting  fluid  we  determine  the  sugar  by 
Fehling's  solution  (see  111). 

It  is  not  to  be  forgotten  in  working  out  the  results  that  100 
parts  of  maltose,  which  is  the  sugar  especially  found  in  malt 
extracts,  only  decompose  as  much  Copper  oxide  as  61  parts  of 
dexti*08e  (Brown  and  Heron). 

To  detei<mine  microscopically  the  presence  of  glucose  in  tissues, 
we  first  cut  sections  of  the  objects,  e.g.  from  pears  or  apples, 
which,  however,  must  not  be  too  thin,  so  that  not  all  the  cells  are 
opened.  It  is  best  for  the  sections  to  include  three  layers  of 
□ninjured  cells.  The  sections  are  placed  in  a  concentrated 
solution  of  Copper  sulphate  at  the  ordinary  room  temperature, 
removed  with  the  forceps  after  a  short  time,  and  washed  super- 
ficially by  dipping  in  clean  water.  We  now  at  once  place  the 
sections  in  boiling  potash  solution,^  or  better^  in  a  boiling  solution 
of  10  gr.  of  Sodium  Potassium  tartrate,  and  10  gr.  of  caustic 
potash  in  10  gr.  of  water.  If  glucose  is  present,  a  beautiful  red 
precipitate  of  Cuprous  oxide  is  produced  after  a  few  seconds  in 
the  cells  which  contain  it.  Microscopical  examination  of  the 
sections  gives  information  concerning  the  distribution  of  the  sugar 
in  the  tissae. 

The  following  method  for  detecting  glucose  is  very  convenient. 
The  sections  are  rinsed  with  water,  laid  on  a  slide  in  a  drop  of 
Fehling's  solution  (see  111),  and  covered  with  a  cover-glass.  We 
now  heat  till  small  bubbles  appear,  but  no  longer.  In  presence  of 
sugar,  Cuprous  oxide  separates  out  in  the  cells. 


^  See  Sachs,  Pringsheim^s  Jahrbycher,  Bd.  3,  p.  187. 

^  See  Arthur  Meyer,  Berichte  d,  Deuttchen  botan.  GesellscJiaft,  Bd.  3,  p.  332. 

116.    Dextrin. 

One  hundred  c.c.  of  water  are  mixed  with  1  gr.  of  potato  starch, 
and  heated  to  boiling.  To  the  cooled  paste  are  added  a  few  drops 
of  Sulphuric  or  Hydrochloric  acid,  and  it  is  then  again  warmed. 
The  fluid  rapidly  clears,  and  a  small  sample  of  it,  after  it  has 
been  allowed  to  cool,  still  gives  a  blue  coloration  with  Iodine. 
If  we  continue  to  boil  the  acidified  solution,  remove  from  it  from 
time  to  time  (say  every  five  minutes)  small  samples,  and  treat  them 
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with  Iodine  solution  after  cooling,  it  is  found  that  the  first  samples 
on  addition  of  the  Iodine  become  violet,  later  ones  reddish  brown, 
and  still  later  one  yellowish  in  colour.      These  colour  reactions 
show  that  nnder  the   influence  of   the   acid,    different  kinds  of 
dextrins  are  formed  from  the  starch   in   succession.     First,  the 
starch   substance   breaks  down  into  sugar  and    amylodextrin  I., 
which  gives  a  violet  reaction  with  Iodine.     This  dextrin  is  then 
split  up  by  the  acid  into  sugar  and  amylodextrin  II.,  which  be- 
comes reddish-brown  on  addition  of  Iodine.     Still  other  kinds  of 
dextrin,   colouring  yellowish   with   Iodine,  are   formed  together 
with  sugar  from  amylodextrin  II.,  and  finally  the  dextrins  com- 
pletely  disappear,   having   been  entirely   converted   into  sngar.^ 
According  to  recent  researches  the  process  is  perhaps  otherwise. 

That  dextrins  (and  especially  those  which  react  brownish  with 
Iodine)  occur  in  the   cells  of  plants,  we  can   determine  in  the 
following  manner.     Pea  seeds  are  ground  to  powder  in  a  hand- 
mill.     We  treat  with  a  moderate  quantity  of  water,  and  after  an 
hour  pass  pure  Carbon  dioxide  into  the  turbid  fluid.     We  then 
filter,  this  operation  being  very  much  facilitated  by  the  presence 
of  the  Carbon  dioxide.     A  small  quantity  of  the  clear  filtrate  is 
next  brought  into  contact  with  a  crystal  of  Iodine,  and  we  shall 
find  that  the  fluid  by  degrees  assumes  a  brownish  colour;  it  be- 
haves like  an  aqueous  solution  of  commercial  dextrin  placed  in 
contact  with  Iodine.     Pure  water  assumes  in  contact  with  solid 
Iodine  only  a  yellow  tint.*     If  we  investigate  the  behaviour  of 
the  aqueous  extract  of  pea  seeds  towards  Fehling's  solution,  it  is 
seen  that  no  reduction  takes  place.     If,  on  the  other  hand,  we 
boil  an  aqueous  extract  for  some  time  after  adding  a  few  drops  of 
Sulphuric  acid,  the  fluid  will  be  in  a  position  to  reduce  Fehling's 
solution  energetically,  since  the  dextrin  under  the  influence  of  the 
acid  has  been  converted  into  glucose. 


*  See  W.  Naegeli,  Beitrage  zur  miheren  KenntnUs  der  SUirkegntppe,  1879,  and 
Detmer,  Landwirthschaftl.  Jahrhiicher,  Bd.  10,  p.  762. 

*  See  Detmer,  Journal  f,  Landwirthschaft,  27.  Jahrgang,  p.  379. 


117.    Estimation  of  and  Microchemical  Tests  for  Cane*Sagar. 

Cane-sugar  is  a  constituent  of  the  sap  of  many  plants,  and  the 
sap  of  the  beetroot  contains  an  especially  large  proportion  of  it. 
To  determine  the  quantity  of  sugar  present  in  the  roots,  we  follow 
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V.  WolfE*8  ^  method.  The  carefully  cleaned  roots  are  cut  into 
ces,  and  500-1000  gr.  of  these  slices  are  hung  np  by  threads  in 
3  drying  chamber  at  a  temperature  of  60°-70°C.  The  dry  mass 
pounded  to  a  not  too  fine  powder  and  weighed,  and  then  the 
lonnt  of  dry  substance  in  a  small  quantity  of  it  (5-6  gr.)  is 
termined.  A  quantity  of  the  powder  (2-3  gr.)  is  repeatedly 
iled  with  80-85  per  cent,  alcohol,  the  solution  being  filtered 
ter  each  boiling,  and  finally  the  residue  on  the  filter  is  washed 
th  hot  alcohol.  To  the  whole  solution  we  now  add  a  large 
antity  of  water,  and  warm  on  the  water- bath  till  the  alcohol  has 
mpletely  evaporated.  The  fluid  is  now  made  up  to  300  c.c. 
100  c.c.  of  it  we  at  once  determine  the  grape-sugar  with 
jhling's  solution  ;  it  must,  however,  be  remembered  that  the 
ape-sugar  is  very  small  in  quantity,  if  not  entirely  absent.     To 

0  c.c.  of  the  fluid  we  add  four  drops  of  Sulphuric  acid,  and  warm 
.  the  water-bath  for  three  hours,  adding  water  to  replace  that 
at  in  the  process.  We  then  make  up  to  400  c.c,  and  after 
lutralising  with  Sodium  carbonate  determine  the  amount  of 
•ape-sugar  present  in  100  c.c.  by  means  of  Feh ling's  solution, 
•om  the  numbers  obtained  it  is  easy,  finally,  to  calculate  the 
Qount  of  cane-sugar  in  fresh  roots,  or  in  dry  root  substance.  As 
gards  the  preparation  and  method  of  using  Fehling's  solution, 

1  that  is  requisite  has  been  already  given  (see  ill). 

From  what  has  been  said,  it  is  at  once  clear  how  we  must  pro- 
led  to  detect  qualitatively  the  presence  of  cane-sugar  in  roots. 
To  detect  cane-sugar  in  roots  microchemically,  the  sections, 
hich  must  not  be  too  thin,  so  that  all  the  cells  are  not  opened, 
•e  treated  as  described  in  115  with  Copper  solution  and  potash, 
n  examining  the  sections  under  the  microscope,  it  is  found  that 
le  contents  of  their  cells  has  taken  on  a  beautiful  blue  colour 
hich  indicates  the  presence  of  cane-sugar.*  The  reaction  takes 
[ace  when  the  sections  are  mounted  in  a  drop  of  Fehling's  solu- 
on,  covered  with  a  cover-glass,  and  warmed  (see  115). 

'  See  E.  von  Wolff,  Anleitung  zur  chem,   Unters.  landwirthschL  wichiiger 
\offe,  1875,  p.  184. 
>  See  Sacbs,  Pringsheim's  Jahrhiicher,  Bd.  8,  p.  183. 

118.    Reserve  Cellulose  and  Amyloid. 

In  the  seeds  of  many  plants  cellulose  is  present  aaC nitrogenous 
^serve  substance.     A  date  stone  is  halved  transversely,  and  then 
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a  delicate  transverse  section  of  the  endosperm  is  prepared  from  it 
by  means  of  a  very  sharp  razor.  The  walls  of  the  elongated  cells 
are  exceedingly  thick,  bat  namerous  simple  pits  are  present.  We 
treat  a  section  with  iodised  Potassium  iodide  solution,  and  then 
run  in  from  the  margin  of  the  cover-glass  dilate  Snlpharic  acid, 
prepared  by  mixing  2  parts  by  volnme  of  Sulphuric  acid  with 
1  part  by  volume  of  water.  The  thickening  layers  of  the  cell- 
wall  stain  beautifully  blue.  If  sections  of  the  endosperm  are 
treated  in  the  manner  previously  described  (see  42)  with  phloro- 
glucin  solution,  and  then  with  Hydrochloric  acid,  the  walls  do 
not  take  on  a  red  coloration.  The  thickening  layers  of  the  cell- 
walls  of  the  endosperm  cells  are  therefore  not  lignified;  they 
consist  of  cellulose.  In  the  germination  of  the  date  seed  thi^ 
cellulose  is  made  use  of. 

The  matei-ial  is  not,  however,  absolutely  identical  with  ordinary 
cellulose,  as  recent  investigations,  e.g,  those  of  Reiss  (Land- 
wirihschaftl.  Jahrb.,  1889)  have  shown,  and  it  is  hence  distingnished 
as  "  reserve  cellulose." 

In  the  cells  of  the  cotyledons  of  dormant  seeds  of  Tropieolam 
ma  jus  are  present,  as  is  easily  seen  in  examination  of  transverse 
sections,  parenchymatous  elements  which  are  provided  with 
strongly  thickened  pitted  membranes.  Between  the  cells  are 
three-cornered  intercellular  spaces.  The  thickening  layers  stain 
blue  on  direct  treatment  with  dilute  iodised  Potassium  iodide 
solution;  they  consist  not  of  reserve  cellulose  but  of  amyloid- 
This  amyloid  is  made  use  of  when  the  seeds  germinate.  It  is 
dissolved  with  formation  of  corrosion  canals,  and  finally  only  the 
middle  lamella  between  adjoining  cells  of  the  parenchyma  is  left 


119,    Inulin. 

Inulin  is  particularly  abundant  in  the  underground  organs  of 
many   Compositae.      It  occurs    in   solution   in  the  cell-sap,  and 
functions  as  non-nitrogenous  reserve  material.     If  some  inulin  is 
treated  with  cold  water,  it  is  found  to  dissolve  with  some  difficulty. 
If,  however,  we  apply  heat,  the  inulin  completely  dissolves.    Inulin 
is  unable  to  reduce  Fehling's  solution.     If,  however,  we  treat  hot 
Fehling*s  solution  with  a  solution  of  inulin  prepared  by  heating, 
a  separation  of  small  quantities  of  Cuprous  oxide  does  take  place, 
owing  to  the  fact  that  hot  water  of  itself  is  able  to  convert  small 
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titles  of  the  innlin  into  glucose.  If  we  boil  an  aqaeoas 
ion  of  inalin  after  addition  of  a  few  drops  of  Salpharic  acid, 
cisiderable  quantity   of   glucose   is  produced,   and    the  fluid 

reduces  Fehling's  solution  verj  energetically. 

is  noteworthy  that  if  a  hot  solution  of  inulin  be  allowed  to 

the  inulin  does  not  at  once 
:*ate  out,  but  only  after  some 
If,  however,  to  a  solution 
aulin  which  has  jast  cooled 
idd  a  large  excess  of  alcohol, 
reparation  of  the  inulin  quickly 
ws.  The  insolubility  of  inulin 
cohol  is  utilised  in  testing  for 

substance  microchemically. 
ions,    not    too   thin,    are   cut 

the  pith  of  tubers  of  Dahlia 
bilis,   covered    with  alcohol, 

after  some  time  dipped  in 
r.  On  examining  the  sections 
r  the  microscope  in  water,  the 
n  is   seen  to  have   separated 

Under  some  circumstances 
inulin  sepai*atcs  out  in  the 
in  the  form  of  sphere 
als.  These  are  very  clearly 
if  we  allow  fairly  large 
s  of  Dahlia  tubera  to  remain 
pirit  for  at  least  eight  to 
een  days,  and  then  prepare  sections  from  the  alcohol  material,, 
examine  them  in  water.  The  sphere  crystals  are  seated  on 
ell- walls  as  globular  structures  of  characteristic  appearance  ^ 
Fig.  110). 


Fig.  110.— Cell  from  a  piece  of  a  tuber 
of  Dahlia  yariabilis,  which  had  beea 
kept  for  several  months  in  alcohol. 
Spheero-crystaU  on  the  walla.  Kagn. 
240.    (After  Strasburger.) 


>e  Sachs,  Botanische  Zeituvri,   1864,  p.    25,  and  Prantl,  Das  Inulin  ^ 
len,  1870, 


).    Vegetable  Fats  and  their  Quantitative  Determination. 

we  extract  dried  and  pounded  plant  material  with  ether,  we 
a  a  solution  which,  on  evaporation,  yields  a  residue  consisting 
tially  of  fat.     Usually  the  quantity  of  other  substances  mixed 
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with  tbe  fat  i.i  bo  gmall,  that  iti  the  quantitative  determiDation  oF 
fats  ID  plant  strvictares  it  is  fi;enci'ally  nnnecessarj  to  notice  tbese 
imparities.  Id  determinations  of  fat  it  is  convenient  to  nse  the 
apparatus  depicted  in  Fig.  111. 

The  apparatus,  constracted  as  described  by  Soxhlet,  in  io  be 
obtained  from  Maencke,  in  Berlin,  at  a  price 
of  about  10  m.  It  consists  of  the  flaek  K, 
the  eitraction  arrangement  proper  E,  and  the 
condensing  ari-angeraont  Kv,  which  is  put  in 
com  muni  cation  with  the  water  sapplj.  For 
extraction  we  employ  anhydi-ons  ether. 

To  make  the  experiments  we  place  in  * 
case  made  of  blotting-paper  3-6  gr.  of  tie 
■very  finely  powdered  substance  to  be  em- 
ployed, which,  if  rich  in  fat,  it  is  best  to  mb 
up  with  clean  qnartz  sand.  The  case  "* 
prepare  by  i-olling  a  piece  of  blotting- paper 
twice  round  a  cylinder  of  wood,  whose  di*- 
meter  is  4  mm.  less  than  that  of  the  extraction 
cylinder  E,  letting  the  blotting-paper  project 
beyond  the  base  of  the  wood  to  a  distwiM 
equal  to  the  diameter  of  the  latter.  We  then 
fold  this  projecting  part  as  in  making  np  tbe 
end  of  a  parcel,  and  level  it  by  pressing 
Fio.  111.— ippsranu  strongly.  After  filling  in  the  sobstance,  I'e 
or      01  mc  ion.  similftrly  close  the  npper  end  of  the  case. 

The  filled  case  is  now  put  for  two  to  three  hoars  into  a  drving 
chamber  at  a  temperature  of  45°C.  Then  follows  the  extraction 
in  the  nsnal  manner  with  ether.  Finally  the  ether  is  distilled  oS 
from  the  solution  of  fat  in  the  flask  A',  and  the  residue  {crude  t»t) 
is  dried  for  one  to  two  hours  at  9h°  C,  and  weighed. 

The  fats  consist  of  a  mixtare  of  free  fatty  acids  and  glyceridei. 

To  detect  glycerine  in  these  last  I  proceeded  as  follows : — Aboot 

75  c,c.  of  olive  oil  were  digested  for  a  considerable  time  with 

d  ilate  potash  solution  in  a  porcelain  evaporating  dish  on  the  wate^ 

bath.     After  cooling,  a  lai^e  quantity  of  Sodium  salphate  ww 

added  to  the  fluid,  the  pi-ecipltated  soap  filtered  oS,  and  the  filtrate 

'ialit;eil  with  Snlphuric  acid.     The  fluid  was  then  evaporated, 

idiio  treated  with  alcohol,  the  separated  sulphates  filtered 

*be  filtrate  again  evaporated.     The  residue  was  once  more 

th  alcohol  to  purify  it,  and  the  solution  after  filtration 
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ajfain  erapoi-ated.  There  remains  behind  a.  syrupy  Said  of 
sweetish  taste,  which  is  glycei-ine.  If  this  reaidae  is  dinsolved  in 
ivater,  and  a  part  of  the  fluid  mixed  with  a  dilate  solution  of 
Copper  aniphate,  to  which  potash  solution  has  been  added,  so  that 
it  holds  in  suspension  a  precipitate  of  Copper  hydrate,  then  the 
Copper  hydrate  will  be  dissolved  (glycerine  reaction). 

121.    ReaetioiiB  of  Fatty  Oils. 

With  a  glass  rod  we  place  a  drop  of  any  fatty  oil  on  a  gluss 
elide,  add  to  it  a  mixtnrc  of  alcohol  and  ether,  which  dissolves  the 
fat,  cover  with  a  cover-glass,  and  oliserve  nnder  the  microscope. 
When  the  alcohol  and  ether  have  evaporated,  we  shall  see  in  onr 
preparation  large  and  small  drops  which  consist  of  fat.  In  optical 
section  these  appear  light  grey,  and  are  bounded  by  a  narrow 
black  ring.  If  the  tube  of  the  microscope  is  lowered,  each  oil 
drop  will -appear  bounded  no  longer  by  a  black  ring,  but  by  a 
bright  one.  The  oil  drops  cannot  well  be  confused  with  bubbles 
of  air,  for  if  we  focus  these  under  the  microscope,  and  lower  the 
tube,  their  mai'gin  does  not  become  bright,  but,  on  the  contrary, 
the  dark  band  already  present  increases  in  breadth. 

In  the  cells  of  the  endosperm  of  Ricinns,  or  in  those  of  the 
cotyledons  of  Brassica,  there  are  present,  besides  the  proteids, 
large  quantities  of  fat,  and  to  prove  this  we  need  only  treat  thin 
sections  of  the  seeds  on  the  slide  with  a  mixtnre  of  alcohol  and 
etber.  The  drops  of  fat  at  once  separating  out  are  readily  recog- 
nised as  such. 

Tincture  of  alkanna  also  (a  deeply  coloured  extract  prepared  by 
treating  alkanna  root  with  70  to  SO  per  cent,  alcohol)  may  be 
used  for  the  detecEion  of  fats.  If  we  examine,  e.g.,  sections  from 
the  endosperm  of  Ricinns,  whose  cells  contain  a  fat  differing  from 
others  in  being  soluble  in  alcohol,  we  treat  the  alkanna  tinctnre 
with  an  equal  volume  of  glycerine,  pass  the  sections  a  few  times  to 
and  fro  in  the  mixture,  wash  in  alcohol,  and  mount  in  glycerine. 
The  alearone  grains  are  stained  lightly  or  not  at  all,  while  the 
ground-mass,  in  consequence  of  its  fatty  contents,  is  stained  deeply 
red. 

A  further  reagent  for  fatty  oils  is  an  aqueons  1  per  cent,  solntion 
of  Osmic  acid.     If  we  lay  sections  from  the  endosperm  of  Ricinns 
in  the  solntion,  they  assume  after  some  time  a  dark  colour  owii 
to  the  blackening  of  the   fats  by  the  Osmic  acid.    It  is  to 
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observed,  however,  that  fats  are  not  the  only  substances  stained 
bj  alkanna  tincture  and  Osmic  acid. 


122.    The  Behaviour  of  Fats  in  the  Germination  of  Seeds. 

Very  many  seeds  (Ricinns,  Helianthus,  Cacurbita,  Brassica, 
etc.)  contain  fat  as  non-nitrogenoas  i^eserve  material.  This  fat  is 
physiologically  equivalent  to  the  starch  of  starchy  seeds.  It 
furnishes  the  material  for  respiration,  and  likewise  the  material 
for  the  formation  of  the  cell- walls.  In  many  cases,  however  {e.g. 
Bicinus,  Cucurbita),  before  reaching  the  place  of  employment,  it  is 
first  converted  into  starch  and  sngar.  In  other  cases,  e.g.  in  Linnm. 
this  can  hardly  be  observed  at  all,  and  then  the  fat  must  travel 
in  the  seedlings  mainly  as  such,  in  order  to  render  possible  the 
translocation  of  non-nitrogenous  plastic  material.  In  fact,  sncb  a 
migration  of  fat  from  cell  to  cell  has  been  observed  by  H.  Schmidt. 
We  will  here  follow  closely  the  changes  which  take  place  daring 
the  germination  of  a  fatty  seed,  where  this  is  associated  with  the 
formation  of  large  quantities  of  carbohydrate. 

We  select  for  examination  seeds  of  Bicinus  communis.    The 
embryo  occupies  a  central  cavity  in  the  copiously  developed  endo- 
sperm, and  consists  of  an  axis  bearing  two  thin  cotyledons.    The 
large  cells  of  the  endosperm  contain,  as  we  have  already  deter- 
mined in  another  connection,  a  matrix  rich  in  fat  and  proteids,  in 
which  lie  the  aleurone  grains.     Starch  is  not  present  in  the  cells 
of  the  endosperm,  or  in  those  of  the  embryo,  as  "we  can  readily 
determine  by  means  of  Iodine  reagents.     A  few  Hicinus  seeds  are 
germinated  in  garden  earth  in  a  flower- pot,  in  the  dark,  and  at  a  not 
too  low  temperature  (about  20°  C).     When  the  main  root  and  the 
hypocotyl  have  elongated  considerably,  the  upper  part  of  the  latter 
organ   being,  however,  still  curved  owing  to  the   fact   that  the 
cotyledons  are  still  embedded  in  the  endosperm,  the  cells  of  the 
endosperm,  as  before  germination,  contain  no   starch,   but  only 
proteid  and  fat.     The  function  of  the  cotyledons  is  to  absorb  the 
reserve  materials  from  the  endosperm,  so  that  they  can  be  made 
use  of  by  the  young  seedling.     Much  fat  is  present  in  the  cells  of 
the  parenchyma  of  the  cotyledons ;  starch,  which,  as  mentioned, 
was  completely  absent  from  the  cotyledonary  tissue  before  the 
commencement   of  germination,   is    found   abundantly   in    those 
parenchyma  cells  which  surround  the  midribs   on    the   outside. 
The  cambium  cells  of  the  hypocotyl  contain  only  proteid  material. 
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The  parenchyma  of  the  cortex  and  of  the  pith  of  the  npper  not 
jet  fally  elongated  part  of  the  hypocotyl  is,  att  can  readily  be 
determined  in  the  nsnal  manner,  very  rich  in  starch  and  Rn^r, 
while  the  quantity  of  these  snbstancea  in  the  lower  elon^t«d  part 


■in.  111.— Parlofatroimenie  Beolion  of  ihe  fnllr  eitenflBd  hypomijl  of  RicJnmcom- 
nit.    The  lODBitadinal  seiHion  is  rcpreieDieil  in  Fie.  ^<    ''•  pannotayma  of  ibe  primar; 

rcb  sraln*  lilucti  iheat);).  The  flbro-vHsDolir  bundle  contiiti  ot  Ihe  pLIocm,  I.  y.  the 
(em.  I.  },  snd  Che  cimblam.  c  c.  The  CHmbinm.  c  <.  is  continued  lalerally  in  tl.o  proand 
me  beCvDen  the  neiebbouring  bandlei  Afl  intprffiBciculir  cambium^  tb.  In  tbA  phloem 
I  b  b,  but  nbret  i  v  V-  perLl;f  ptTenchymH.  partly  »ievo  Cubes  ;  in  the  vyiem  are  1 1, 
rrow  pitted  veiuli  1  gg.  o'de  pitte<l  veuels,  and  betneen  them  wood  filiras.    (After 


of  the  hypocotyl  more  and  more  diminiahea.  In  the  fully  elongated 
part  of  the  hypocotyl,  sngar  and  starch  are  wanting  in  the  paren- 
chyma ;  fltarch  grains  are  only  to  be  detected  in  the  cells  of  the 
starch  sheath  surrounding  the  ring  of  vascular  hnndles.  In  the 
tissue  of  the  main  root  neither  starch  nor  fat  are  now  to  be  found. 


■X 
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observed,  however,  that  fats  are  not  the  op^,/jng  secondary 
by  alkanna  tincture  and  Osmic  acid.  ^^j 

X-eeps  disappearing  ^^\^rj 

^/•m  as  it  finds  employi^         ^ 

122.    The  Behaviour  of  Pat-       ^  hypocotyl  straightens,  ^""^ 

Very  many  seeds    (Ricinu  ^^nndles  undergo  farther  devel^l^ 

etc.)  contain  fat  as  non-nitr         ^^r  part  of  the  hypocotyl  elonga't^^' 
physiologically   equivalent         j/rom  the  fats  also  disappear  froHi 
furnishes  the  material  '  '  Starch  grains  are  now  to  be  detecteu 

for  the  formation  of  t^  .^jronnding  the  fibro-vascular  bundles. 

Ricinus,  Cucurbita).  'Crch  sheath  will  be  more  fully  discnssed 

first  converted  intr        V  1,/^  to  point  out  its  existence.    It  appears  as 
this  can  hardly  ^        >  *^^,jding  the  circle  of  fibro-vascular  bandies, 
in  the  seedlinf        yi'^  Jl2,  is  beautifully  developed  in  the  hypocotjl 
translocation      .  .i/*^/^r^lier  details  we  may  consult  Fig.  112. 
migration  r     - . -^  ^'  ^  generally  that  the  development  of  the  organs 
We  will  ^       >'^l>^'  fflicinns  gradually  progresses  upwards  from  the 
the  ger*        ''i^i**^'!/,e  hypocotyl  to  the  cotyledons.     With  commencing 
forma'      •''f/}^'^\ld  internal  differentiation  of  the  organs,  large  qnan- 
W       !!l'^"^!Lrcii  appear  in  the  cells  of  the  parenchyma.    When 
em'        ^-  '^    jg  rapidly  advancing,  much  sugar  is  also  to  be  fonnd  in 
sr         .h^^^ichj^^'     ^^*  these  carbohydrates  disappear  again  from 
^         ///<'/*\^ocliyroa  when  the   elongation   and  development  of  the 
t^  ^  is  complete  ;  they  have,  in  fact,  been  used  up  in  the  forma- 
^yl  cell  substance.^ 

^'rt  ^*^  ^^^^  stated  that  large  quantities  of  starch  are  present  in 
cortical  and  medullary  tissue  of  the  upper  part  of  the  hypocotyl 
/  fiicmn^  w^hen  it  is  still  carved,  and  the  cotyledons  are  still 
jin bedded  in  the  endosperm.     The  quantity  of  starch  is,  as  I  fonnd, 
so  iarge,  that  it  is  possible  to  demonstrate  its  presence  macroscopi- 
ca\\j  in  lecture.     For  this  purpose  sections  from  the  upper  part 
of  the  hypocotyl  are  treated  on  a  slide  with  chloi-al  hydrate,  and 
iodised  Potassium  iodide  solution  ;  if  the  students  hold  the  pre- 
paration, covered  by  a  cover-glass,  to  the  light  they  can  satisfy 
themselves  of  the  presence  of  large  quantities  of  starch  by  the 
blue  coloration  produced. 

In  the  germination  of  seeds  of  Kaphanus  sativus  also  a  fair 
quantity  of  starch  appears.  1  found  large  quantities  of  staixsh  in 
the  elongating  hypocotyl  of  a  seedling  of  this  plant  about  fonr 
days  old,  and  grown  at  a  temperature  of  20°  C.  The  root  of  the 
seedling  was  very  poor  in  starch.     In  the  hypocotyl  I  found  the 
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^•^fly  in  the  neighbourhood  of  the  vascular  bundles,  but 

\*e8t  of  the  parenchyma.     When  much  starch  appears  in 

\from  oily  seeds,  the  cotyledons  also,  which  in  the 

^  free  from  starch,  for  the  most  part  contain  at  the 

«^  .  of  germination  large  or  smaller  quantities  of  starch, 

nitrogenous  bodies  travel  in  the  form  of  carbohydrate. 

t;r,  fat  migration  is  exhibited  {e.g.  in  Linum),  then  the 

iOns  are  always  devoid  of  starch,  and  in  the  other  organs 

of  the  seedlings  carbohydrates  are  for  the  most  part  present  in 

•'^V  trifling  quantity. 

^  See  Sachs,  Botan,  Zeitung,  1859,  p.  177 ;  also  Detmer,  Vergleicliende  Physio- 
^ogiedes  Keimungsprocesses  der  Samen,  1880,  p.  316;  and  H.  Schmidt,  Flora* 
1801,  pp.  320,  342,  and  344. 

123.    G-ermination  of  the  Seeds  of  Phaseolus  multiflorus. 

A  very  favourable  object  for  the  study  of  a  series  of  metabolic 
processes,  and  also  of  many  phenomena  connected  with  the  trans- 
location of  substances  in  plants,  is  the  germinating  seed  of  the 
scarlet-runner  (Phaseolus  multiflorus).^  The  seed-coat  of  the 
bean,  as  we  can  easily  satisfy  ourselves  by  studying  transverse 
sections,  is  made  up  of  four  layers.  The  innermost  consists  of 
compressed  cells ;  then  follows  a  layer,  several  cells  thick,  of 
which  the  cells,  in  variegated  seeds,  contain  a  red  pigment.  This 
is  followed  by  a  third  layer,  consisting  of  very  small  cells ;  and 
lastly  we  have  a  palisade  layer,  the  elements  of  which  are  elon- 
gated in  a  direction  at  right  angles  to  the  surface  of  the  seed,  and 
have  strongly  thickened  walls.  Groups  of  the  palisade  cells 
contain  a  black  pigment,  from  which  the  seeds  derive  their  spotted 
appearance.  To  obtain  good  preparations  from  the  seed-coat  it  is, 
in  my  experience,  advisable  to  first  soak  the  beans  for  twenty-four 
hours,  and  then  let  them  dry  for  twelve  hours.  Material  prepared 
in  this  manner  serves  well  for  the  preparation  of  thin  transverse 
sections  of  the  seed-coat.  The  seed-coat  surrounds  the  embryo, 
whicb  consists  of  two  cotyledons  and  the  axis  (root,  hypocotyl,  first 
stem  intemode,  and  terminal  bud),  with  the  two  primoixiial  leaves. 
We  easily  satisfy  ourselves  that  the  cotyledons,  being  concave  on 
their  inner  sides,  leave  between  them  a  cavity,  and  that  the  axis  of 
the  embryo  is  bent  to  form  an  angle. 

The  cotyledons   are   made   up    of   the   epidermis,    the   largely 
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bat  the  parenchyma   of  the   active  elongatiDg  secondary  roots 
contain  mnch  sugar. 

As  the  germination  proceeds,  the  fat  keeps  disappearing  more 
and  more  completely  from  the  endosperm  as  it  finds  employment 
in  the  growth  of  the  seedling.  The  hypocotyl  straightens,  and 
the  wood  and  bast  of  its  vascular  bundle^  undergo  farther  develop- 
ment. In  proportion  as  the  upper  part  of  the  hypocotyl  elougates, 
the  starch  and  sugar  derived  from  the  fats  also  disappear  from 
the  cells  of  the  parenchyma.  Starch  grains  are  now  to  be  detected 
only  in  the  starch  sheath  surrounding  the  fibro-vaacular  bundles. 

The  function  of  the  starch  sheath  will  be  more  fully  discussed 
below ;  it  is  sufficient  here  to  point  out  its  existence.  It  appears  as 
a  closed  sheath  surrounding  the  circle  of  fibro-vascular  bandies, 
and,  as  shown  in  Fig.  112,  is  beautifully  developed  in  the  hypocotyl 
of  Ricinus.     For  further  details  we  may  consult  Fig.  112. 

It  may  be  stated  generally  that  the  development  of  the  organs 
of  the  embryo  of  Ricinus  gradually  progresses  upwards  from  the 
root  through  the  hypocotyl  to  the  cotyledons.  With  commencing 
elongation  and  internal  differentiation  of  the  organs,  large  quan- 
tities of  starch  appear  in  the  cells  of  the  parenchyma.  When 
elongation  is  rapidly  advancing,  much  sugar  is  also  to  be  fonnd  in 
the  parenchyma.  But  these  carbohydrates  disappear  again  from 
the  parenchyma  when  the  elongation  and  development  of  the 
organs  is  complete ;  they  have,  in  fact,  been  used  up  in  the  forma- 
tion of  cell  substance.^ 

It  has  been  stated  that  large  quantities  of  starch  are  present  in 
the  cortical  and  medullary  tissue  of  the  upper  part  of  the  hypocotyl 
of  Ricinus  when  it  is  still  curved,  and  the  cotyledons  are  still 
imbedded  in  the  endosperm.  The  quantity  of  starch  is,  as  I  found, 
80  large,  that  it  is  possible  to  demonstrate  its  presence  macroscopi* 
cally  in  lecture.  For  this  purpose  sections  from  the  upper  part 
of  the  hypocotyl  are  treated  on  a  slide  with  chloral  hydrate,  and 
iodised  Potassium  iodide  solution  ;  if  the  students  hold  the  pre' 
paration,  covered  by  a  cover-glass,  to  the  light  they  can  satisfy 
themselves  of  the  presence  of  large  quantities  of  starch  by  the 
blue  coloration  produced. 

In  the  germination  of  seeds  of  Raphanus  sativus  also  a  fair 
quantity  of  starch  appears.  I  found  large  quantities  of  statxsh  in 
the  elongating  hypocotyl  of  a  seedling  of  this  plant  about  four 
days  old,  and  grown  at  a  temperature  of  20°  C.  The  root  of  the 
seedling  was  very  poor  in  starch.     In  the  hypocotyl  I  found  the 
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starch  chiefly  in  the  neighbourhood  of  the  yascnlar  bundles,  but 
also  in  the  rest  of  the  parenchyma.  When  much  starch  appears  in 
the  seedlings  from  oily  seeds,  the  cotyledons  also,  which  in  the 
dormant  seed  are  free  from  starch,  for  the  most  part  contain  at  the 
commencement  of  germination  large  or  smaller  quantities  of  starch, 
and  the  non-nitrogenous  bodies  travel  in  the  form  of  carbohydrate. 
If,  however,  fat  migration  is  exhibited  (e,g,  in  Linum),  then  the 
cotyledons  are  always  devoid  of  starch,  and  in  the  other  organs 
also  of  the  seedlings  carbohydrates  are  for  the  most  part  present  in 
only  trifling  quantity. 

^  See  Sachs,  Botan.  Zeitung,  1859,  p.  177 ;  also  Detmer,  VergUicJtende  Physio- 
logie  des  KHniungsprocesses  der  Samen,  1880,  p.  316;  and  H.  Schmidt,  Flora* 
1891,  pp.  320,  312,  and  344. 


123.    G-ermination  of  the  Seeds  of  Phaseolus  multiflorus. 

A  very  favourable  object  for  the  study  of  a  series  of  metabolic 
processes,  and  also  of  many  phenomena  connected  with  the  trans- 
location of  substances  in  plants,  is  the  germinating  seed  of  the 
scarlet-runner  (Phaseolus  multiflorus).^  The  seed-coat  of  the 
bean,  as  we  can  easily  satisfy  ourselves  by  studying  transverse 
sections,  is  made  up  of  four  layers.  The  innermost  consists  of 
compressed  cells ;  then  follows  a  layer,  several  cells  thick,  of 
which  the  cells,  in  variegated  seeds,  contain  a  red  pigment.  This 
is  followed  by  a  third  layer,  consisting  of  very  small  cells ;  and 
lastly  we  have  a  palisade  layer,  the  elements  of  which  are  elon- 
gated in  a  direction  at  right  angles  to  the  surface  of  the  seed,  and 
have  strongly  thickened  walls.  Groups  of  the  palisade  cells 
contain  a  black  pigment,  from  which  the  seeds  derive  their  spotted 
appearance.  To  obtain  good  preparations  from  the  seed-coat  it  is, 
in  my  experience,  advisable  to  first  soak  the  beans  for  twenty-four 
hours,  and  then  let  them  dry  for  twelve  hours.  Material  prepared 
in  this  manner  serves  well  for  the  preparation  of  thin  transverse 
sections  of  the  seed-coat.  The  seed-coat  surrounds  the  embryo, 
which  consists  of  two  cotyledons  and  the  axis  (root,  hypocotyl,  first 
stem  intemode,  and  terminal  bud),  with  the  two  primordial  leaves. 
We  easily  satisfy  ourselves  that  the  cotyledons,  being  concave  on 
their  inner  sides,  leave  between  them  a  cavity,  and  that  the  axis  of 
the  embryo  is  bent  to  form  an  angle. 

The   cotyledons   are   made   up   of   the   epidermis,   the   largely 
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developed  parenchyma,  and  the  vascular  bundles  traversing  it 
The  epidermal  cells  contain  no  starch  ;  the  elements  of  the  paren- 
chyma, on  the  contrary,  are  very  rich  in  starch.     Besides  starch 
they  contain  proteids,  as  we  can  easily  find  by  treating  sections 
from  the  cotyledons  with  Iodine  and  Fehling's  solution.     The  cells 
of  the  vascular  bandies  are  free  from  starch,  but  contain  proteids. 
Delicate  transverse  sections  through  the  axis  of  the  embryo  show 
that   this   is  made  up  of  an  epidermis,  cortical   and  mednllarj 
parenchyma,  and  the  intermediate  vascular  bundle  region.    The 
primordial  leaves  possess  stalk  and  lamina.     If  a  leaf  is  spread 
out  on  a  slide  in  a  drop  of  water,,  covered  with  a  cover-glass,  and 
submitted    to   microscopic   examination,   nerves   are   seen  to  he 
present  in  the  lamina.     All  the  cells  of  the  parenchyma  of  the 
lamina  are  free  from  starch,  but  contain  proteids. 

If  bean  seeds  are  laid  in  damp  soil,  germination  at  once  begins. 
The  young  plant  grows  at  the  expense  of  the  reserve  materials 
present  in  the  cotyledons.  We  notice  particularly  in  studying 
the  developing  seedlings  the  emergence  of  the  root  from  the  seed- 
coat,  which  takes  place  first,  the  appearance  of  the  stem,  bent  at 
the  tip,  the  development  of  the  secondary  roots,  the  formation  of 
the  root-hairs  and  of  the  hairs  on  the  stem,  which  are  not  yet  pre- 
sent in  the  dormant  seed,  the  growth  of  the  primordial  leaves,  and 
the  differences  which  are  observable  between  germination  in  dark- 
ness on  the  one  hand,  and  in  light  on  the  other,  etc. 

As  regards  the  behaviour  of  plastic  substances  in  germination, 
the  following  is  specially  to  be  noted.  When  the  root  has  attained 
a  length  of  2-3  cm.,  many  small  starch  grains  are  present  in 
the  cortex  and  pith  of  the  root,  and  of  the  hypocotyl,  while  the 
cells  of  the  axis  of  the  embryo,  before  the  commencement  of  ger- 
mination, usually  contained  but  little  starch.  Glucose  occurs  in 
the  cells  of  the  cortex  and  pith  of  the  axis,  as  we  can  prove  by 
treating  the  sections  with  Copper  solution  and  potash,  while 
proteids  are  chiefly  found  in  the  vascular  bundle  region.  As  the 
root  lengthens  in  the  course  of  germination,  and  the  first  intemode 
of  the  stem  undergoes  considerable  elongation,  the  starch  dis- 
appears from  the  fully  elongated  cells  of  the  cortex  and  pith. 
Thus,  e.^.,  the  cells  of  the  cortex  and  of  the  pith  at  the  base  of  the 
stem  soon  become  free  from  starch,  while  the  cortex  and  pith  of 
the  upper  parts  of  the  stem  still  contain  starch.  Ultimately, 
however,  this  also  disappears.  Similarly  starch  also  disappears 
from  the  primordial  leaves  as  they  develop.      When  the  elon- 
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gation  of  the  first  internode  of  the  stem  is  completed,  its  cortex 
and  pith  are  completely  free  from  starch.  Only  the  very  beaati- 
fnlly  developed  starch  sheath,  which  consists  of  a  single  layer 
of  cells,  and  surrounds  the  circle  of  vascular  bandies,  still  con- 
tains starch  grains  in  large  numbers.  The  cells  of  the  pith 
and  cortex,  which  have  lost  their  starch,  now  contain  sugar,  but 
this  also  disappears  more  and  more  as  the  germination  approaches 
completion.  Proteids  are  specially  abundant  in  the  sieve  part  of 
the  vascular  bundle,  as  may  be  determined  by  means  of  Copper 
solution  and  potash.  When  the  primordial  leaves  are  fully 
developed,  the  germination  stage  may  be  considered  at  an  end. 
The  cotyledons  are  almost  completely  free  from  reserve  materials. 
Sections  treated  with  Copper  solution  and  potash  no  longer  give 
a  violet  coloration,  since  proteids  are  not  present,  but  stain  light 
blue.  The  quantity  of  starch  in  the  cotyledons  is  now  only 
trifling. 

The  solution  of  the  starch  grains  in  the  cotyledons  begins  as 
soon  as  vital  activity  is  manifested  in  the  embryo,  and  it  is  indeed 
those  cells  of  the  cotyledons  which  lie  next  to  the  axis  whose 
grains  are  first  attacked.  When  the  first  internode  of  the  seed- 
ling is  rapidly  elongating,  there  are  already  large  quantities  of 
corroded  starch  grains  present  in  the  cells  of  the  cotyledons 
together,  it  is  true,  with  still  uninjured  ones,  and  henceforth  the 
process  of  starch  solution  keeps  spreading. 


*  See  Sachs,  Sitzungsberichte  d,  Akad.  d,  Wi*s.  zu  WieUj  1859,  Bd.  87,  p.  57, 
and  Detmer,  Vergleiehende  Phytiolojie  des  Keimungsprocestes  der  Samen,  1880, 
p.  308. 


124.  The  Germination  of  Triticum  vulgare. 

In  order  to  study  carefully  the  nature  of  the  dormant  wheat 
fruit,  we  cut  sections  from  grains  softened  to  a  certain  extent  in 
water.  The  fruit  consists  of  the  pericarp  and  seed-coat  already 
mentioned  elsewhere,  and  the  endosperm  and  the  embryo:  We 
first  prepare  transverse  sections  through  a  grain,  and  determine 
that  the  outermost  layer  of  the  endosperm  consists  of  a  simple 
layer  of  almost  square  cells,  whose  membranes  are  strongly 
thickened,  and  which  have  granular  contents.  Starch  grains  are 
not  present  in  these  cells,  but  they  contain  large  quantities  of  pro- 
teid,  as  may  be  easily  ascertained  by  means  of  Iodine,  or  Copper 
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sulphate  and  potash.  The  main  mass  of  the  endosperm  is  seen  to 
consist  of  cells  rounded  in  cross  section,  i\'hich  contain  starch 
giiiins  of  different  sizes,  and  proteids.  The  latter  are  to  be  de- 
tected bj  ti*eating  sections  with  Copper  sulphate  and  potash  solu- 
tion. The  embryo  lies  at  the  side  of  the  endosperm.  To  study 
the  embryo,  median  longitudinal  sections  of  the  wheat  grain  are  to 
be  prepared.  These,  as  seen  first  under  a  low  power  of  the  micro- 
scope, then  under  a  high  power,  present  a  complicated  appearance 
(see  Fig.  71).  Attention  must  first  be  directed  to  the  part  of  the 
embryo  abutting  directly  on  the  endospenn.     This  is  the  shield 

(scutellum)  which  demands  our  special  at- 
tention.  It  mainly  consists  of  small 
rounded  cells ;  but  the  layer  of  cells 
bordering  upon  the  endosperm  is  different 
in  character,  as  can  more  especially  be 
seen  by  treating  the  sections  with  potash 
solution.  The  cells,  viz.,  of  this  epitlielinm 
of  the  scutellum  are  elongated  and  cylin- 
drical in  form.  At  the  upper  part  of  the 
embryo  we  further  recognise  the  closed 
sheath  leaf,  the  young  rudiments  of  foliage 
leaves,  and  the  vegetative  cone.  The  root 
of  the  wheat  embryo  is  surrounded  by  » 
root  sheath  (coleorhiza),  the  boundary  be- 
tween the  two  being  marked  by  a  bright 
line.  Starch  or  glucose  are  present 
neither  in  the  cells  of  the  scutellum,  nor 
in  those  of  the  rest  of  the  embryo.  On  the 
other  hand,  all  the  cells  of  the  embryo 
contain  large  quantities  of  proteid.  It  i* 
further  to  be  noted  that  the  endosperm 
of  the  resting  wheat  grain  also  contains  no 


1 


Pio.    lis.— Seedling 
Triticam  vnlgaro. 


of 


sugar. 


If  soaked  wheat  grains  are  placed  on  plates  of  pumice-stone 
lying  in  water,  germination  at  once  begins,  the  organs  of  the  em- 
bryo growing  at  the  expense  of  the  plastic  materials  [conveyed  to 
them  from  the  endosperm.     The  root  emerges,  and  the  first  lateral 
roots,  which  develop  henceforth  more  rapidly  than  the  primary 
root,  make  their  appearance.     Similarly  the  primordia  of  the  leaves 
rapidly  undergo  considerable  elongation,  but  they  still  remain  at 
first  enclosed  by  the  actively  growing  first  sheath  leaf  (see  Fig. 
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113).  The  stem  does  not  develop  till  later.  The  seedlings  must 
now  be  examined  from  time  to  time,  if  it  is  desired  to  obtain  in- 
formation respecting  the  metabolic  processes  taking  place  during 
germination.  Soon  after  germination  begins,  considerable  quan- 
tities of  glucose  appear  in  the  endosperm,  as  can  easily  be  deter- 
mined by  means  of  Copper  sulphate  and  potash.  The  scutellum, 
which  during  germination  remains  within  the  wheat  grain,  effects 
the  transfer  of  the  whole  of  the  plastic  material  from  the  endo- 
sperm into  the  embryo,  but  it  is  important  that  the  cells  of  the 
scutellum  never  contain  sugar. 

The  columnar  epithelium  serves  the  scutellum  as  an  absorbing 
organ,  and  although  the  presence  of  starch  or  glucose  is  never  to 
be  detected  in  the  epithelial  cells,  yet  the  other  cells  of  the 
scutellum  soon  after  the  commencement  of  germination  contain 
transitory  starch.  The  presence  of  this  starch  in  the  cells  of  the 
scutellum  may  be  readily  proved  by  treating  the  sections  with 
potash.  Acetic  acid,  and  dilute  Iodine  solution.  It  is  further  to  be 
noticed  here  that,  in  order  to  prepare  satisfactory  sections,  the 
germinated  wheat  grains  must  be  somewhat  dried.  Proteids,  as 
well  as  non-nitrogenous  bodies,  are  conveyed  from  the  endosperm 
to  the  germinating  seedling  by  the  scutellum.  If  wheat  seedlings 
have  developed  for,  say,  five  days  at  the  usual  room  temperature, 
it  is  easy,  by  treatment  with  Copper  sulphate  and  potash,  to  detect 
the  presence  of  considei*able  quantities  of  proteid  in  the  younger 
parts  of  the  roots,  and  also  in  the  vascular  bundles  which  stand 
diametrically  opposite  one  another  in  the  sheath  leaf.  This  last  is 
still  in  a  state  of  very  active  growth,  and  is  also  correspondingly 
rich  in  plastic  material  coming  from  the  endosperm.  In  the 
parenchyma  of  the  sheath  leaf,  numerous  starch  grains  are  easily 
recognised,  the  number  of  which  diminishes  as  the  growth  of  the 
sheath,  with  progressing  germination,  gi^adnally  ceases.  The  cells 
of  the  rest  of  the  growing  leaves  also  contain  starch  grains.  The 
presence  of  glucose  I  have  been  unable  to  detect  at  any  time  in 
any  part  of  the  wheat  embryo  (the  seedlings  which  I  examined 
developed  in  darkness)  ;  glucose  is  present  only  in  the  endosperm 
of  germinating  wheat  grains.  It  is,  however,  by  no  means  im- 
possible that  under  particular  conditions  glucose  may  appear  also 
in  the  embryo.  Naturally  the  cells  of  the  endosperm  constantly 
become  poorer  in  reserve  substances  (proteids  and  starch)  as  the 
development  of  the  seedling  advances,  and  if  we  tease  up  small 
quantities  of  fairly  exhausted  endosperm  tissue  in  a  drop  of  water 
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on  a  slide,  and  examine  with  as  strong  magnification  as  possible, 
we  shall  find,  together  with  nninjnred  starch  grains,  others  which 
owing  to  the  action  of  the  diastatic  ferment  developed  in  gennin- 
ating  wheat,  appear  corroded  and,  as  it  were,  gnawed  to  pieces.* 


^  See  Sachs.  Botan.  Zeitung,  1862. 


125.    The  Germination  of  Potatoes. 

Potatoes  consist  almost  entirely  of  thin- walled,  starch-contain- 
ing parenchyma.  Not  only  arc  the  medullary  and  cortical  tissaes 
mostly  of  this  character,  bat  also  almost  the  whole  tissue  of 
the  circularly  armnged  vascular  bundles  is  parenchymatous  in 
character,  and  contains  starch  grains  of  various  sizes.  In  the 
wood  of  the  vascular  bundles  there  are  present  only  isolated 
groups  of  lig^ified  elements  (vessels  and  wood  fibres),  while  in  the 
bast  occur  isolated  strands  whose  cells  contain  not  starch  bnt 
proteid  matter.  The  cortical  parenchyma  of  the  potato  becomes 
smaller  celled,  and  poorer  in  starch,  as  we  pass  from  the  inside 
towards  the  skin.  On  the  other  hand,  the  cells  of  the  cortex,  close 
below  the  skin,  frequently  contain  pigments,  etc.,  dissolved  in  the 
cell-sap.  The  skin  of  the  potato  consists  of  cork  tissue,  whose 
cells  are  tabular  in  form. 

I  have  often  satisfied  myself  that  potatoes  placed  in  autumn  in 
a  vessel  whose  cover  is  not  air-tight,  do  not  germinate  for  a  long 
time.     The  potatoes  under  ordinary  conditions  undergo  a  period 
of  rest  before  germination.     This  does  not  begin  till  about  the 
new  year,  when  single  buds  of  certain  eyes,  especially  those  in  the 
part  of  the  potato  opposite  the  old  point  of  attachment  to  the 
runner,  gradually  enlarge  and  grow.     We  now  leave  the  potatoes 
in  darkness,  and  without  provision  of  water.     At  the  beginning  oi 
March,  many  shoots  of  the  potato  have  already  become  a  fe^ 
centimetres  long,  and  small  scale  leaves  are  visible  on  them.    In 
transverse  sections  thi*ongh  the  stem  of  the  shoots  it  is  easy  to 
make  out  the  epidermis,  the  parenchyma  of  the  cortex  and  pith, 
and  the  circle  of  vascular  bundles.     Applying  the  usual  micro- 
chemical  tests  to  determine  the  distribution  of  material  in  the 
shoots  at  different  stages  of  development,  we  arrive  at  the.  follow- 
ing chief  results.     The  parenchyma  of  very  young  shoots  contains 
much  starch.      As  the  cells  of  the  parenchyma  become  older,  and 
actively  elongate,  they  become  especially  rich  in  glacose.     Pro- 
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128.    He  iMffmwcir  of  ToBpermtsre  oa  tlte  AaiocAt  of  Si^^ 


The  sdidj  oc  p^catoes  as  r«*.jani$  the  ^:iAri::rT  of  su^c^ir  ^  w^ vv\ 

^hejcoiitani  presencs  greas  interest,  siroe  itiTesiC  1:^*5 -or^s  of  i>.i>^ 

«nd  ^ire  pemlrs  which,  are  of  ral^e  in  examinlr^C  v^uite  *  svri^*^  v^> 

pbjaiolainc^  qaesiions.      We  pnx^eed  as  follows^ : — Atter  nibb^i  *r 

**own  the  pocasoes  1  saj  foar)  on  a  ^niter  or  by  metiits  v^t'  51  bixvi  I 

^Ue  (nsp)^  u>  a  Jine  palp^  we  place  this  on  a  pieiv  of  K>>Uxl  Uiu  u 

*,yiiig  in  a  large  porcelain  di^h,  and  squeeze  out  the  juiw  wi;h  the 

«*»i»d.     We  rinse  the  erater  or  file,  and  also  thi»  b.^iuls,  wuh  \\5^tcr, 

^nd  mix  the  rinsin*^  water  with  the  pivssixl  rt^sidue  of  the  puhv, 

'^^pain  squeeze^  and  repeat  these  operations  twkv  uunw      The  thuvi 

obtained  is  run  into  a  flask  of  half  a  litre  oajKioit>\     AYo  tUl  U\is 

^p  to  the  mark,  and  treat  a   certain  vpantity  of  the  fluid   >viiK 

I^ead  acetate  to  precipitate  the  proteids,  etc.,  tilter,  and  detcnui^.o 

tlie  sugar  in  the  filtrate  by  means  of  Fehling^^s  solution.     IVtatvHs 

justmatnred  contain  sasar.      If   we  examine  uui^nMuinaiod  p\^ta- 

*<>es  which  have  been  kept  for  some  time  (a  few  wivks)  in  a  >vjn  lu 

«^)om,  at  a  temperature  of   15^-20^  C,  wo  find  that  thov  do   not 

contain  sngar.      If  such  potatoes,  devoid  of  sup^r.  ttix>  plaot\l  lor 

about  fourteen  days  in  a  place  (say  a  cellar)  wha^o  toniporattUH* 

does  not  sink  below  0^  C,  but  still  does  not  riso  abovo  *J''  i>    i' » 

they  become  sweet,  and  contain  a  good  deal  of  suirar.     It  ih  vtM'V 

desirable,  in  investigating  the  effect  of  cold,  to  put  tho  potatoes  in 

a  thermostat  placed  in  the  cellar.     Tho  apparatus  oonsislH  of  n 

double-walled  zinc  vessel.      The  space  between  tlio  walls  is  IUKmI 
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with  ice,  and  instead  of  having  an  ordinary  lid  the  apparatus  is 
closed  by  a  zinc  tray  filled  with  ice.  The  potatoes  are  thus  ex- 
posed in  the  thermostat  to  a  constant  temperature  of  0°  C.  For 
farther  information  respecting  such  a. thermostat  see  49.  If  potar 
toes  which  contain  little  or  no  sugar  are  placed  in  a  glass  vessel, 
this  in  a  freezing  mixture  (snow  or  ice  and  common  salt),  so  that 
the  potatoes  rapidly  freeze,  and  become  ringing  hard,  there  is  no 
change  in  the  quantity  of  sugar  present,  as  is  indicated  by  grating 
them  down  while  frozen,  and  extracting  with  wat«r.  These  facta 
were  first  demonstrated  by  Miiller-Thnrgau.^  A  few  observations 
on  the  subject  are  also  to  be  found  in  a  short  treatise  published  by 
me.^  Miiller-Thurgau  has  found  that  the  relation  between  the 
processes  of  sugar  formation  and  respiration  in  potatoes  is  very 
difFerent  at  different  temperatures,  and  that  it  is  very  important 
in  explaining  the  phenomena  observed  to  keep  this  in  view.  At  a 
high  temperature  (say  15°-20°  C.)  respiration  proceeds  compara- 
tively energetically,  so  that  the  sugar  is  used  up  as  fast  as  it  is 
formed,  and  cannot  accumulate  in  the  potatoes.  At  a  lower  tem- 
perature (e.g.  0*^-3°  C.)  more  sugar  is  formed  from  the  starch 
present  than  can  be  made  use  of  in  the  now  feeble  respiration. 
Consequently  at  lower  temperatures  accumulation  of  sugar  takes 
place.  The  mere  freezing  of  potatoes  is  without  influence  on  the 
quantity  of  sugar  they  contain.  For  observations  on  respiration 
see  102. 


^  See  Miiller-Thurgau,  LandwirthHchl.  Jahrbiicher,  Bd.  11,  p.  751. 
*  See  Detmer,  Pjlamenphysiologiiche   Untersiichungen  fiber  FermentUlduns 
und  fermentative  Processe,  1884,  p.  41. 


127.    The  Bipening  of  Fruits  and  Seeds. 

If  a  thin  transverse  section  from  a  ripe  seed  of  Brassica  Napns 
is  examined,  it  is  seen  that  the  seed-coat  is  made  up  of  a  number 
of  different  layers.     Passing  from  the  outside  inwards  we  have 
first  a  colourless  layer  consisting  of  compressed  cells,  followed  by 
a  layer  consisting  of  brown -coloured  cells,  the  lumina  of  which 
are  fairly  distinct.     Upon  this  abuts  a  layer  composed  of  brown 
compressed  cells,  followed  by  a  fourth  whose  cells  are  strongly 
thickened,  and  exhibit  distinct  lumina,  while  the  fifth  layer,  like 
the  first,  no  longer  presents  cellular  structure.     The  second  and 
third  layers  of  the  seed-coat  cause  the  brown  coloration  of   the 
seed.    In  the  cells  of  the  folded  cotyledons  appear  large  quantities 
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of  proteids  and  fats ;  starch  is  completely  absent  in  the  ripe  seeds. 
The  still  unripe  maturing  seeds  possess,  however,  much  starch. 
It  streams  to  them  from  the  assimilatorj  organs  of  the  plant, 
and  is  ultimately  completely  used  up  for  the  formation  of  fat  in 
the  seeds.  We  prepare  transverse  sections  from  a  green  pod  of 
Brassica  Napus  (I  examined,  e.g.,  on  May  20th,  pods  6-8  cm.  in 
length).  Between  the  two  carpels  we  see  the  false  septum.  The 
fruit  tissue  itself  consists  of  a  strongly  cuticularised  epidermis, 
green  and  colourless  ground  tissue,  and  a  number  of  vascular 
bundles.  The  young  seeds  are  seated  on  the  united,  margins  of 
the  carpels.  If  we  treat  sections  with  chloral  hydrate  and  iodised 
Potassium  iodide  solution,  we  find  that  the  tissues  of  the  fruit  and 
seed  contain  much  starch. 

The  ripe  hypanthium  of  the  pear  is,  as  is  known,  very  rich  in 
SDgar.  Since  the  fruit  itself  contains  but  little  chlorophyll,  it 
follows  that  at  all  events  most  of  the  material  required  for  its 
growth,  and  for  the  production  of  the  sugar  deposited  in  the 
hypanthium  tissue,  must  be  conveyed  to  it  from  elsewhere.  The 
fruit  stalk  conducts  the  plastic  material.  If  we  prepare  trans- 
verse sections  from  the  fruit  stalk  of  the  pear  (I  made  an  exami- 
nation on  the  8th  of  June),  the  circle  of  vascular  bundles  between 
the  cortex  and  the  pith  can  be  at  once  recognised  even  under  low 
magnification.  The  bast  part  of  the  vascular  bundles  has  on  the 
outside  a  thick  layer  of  bast  fibres,  then  immediately  follows  a 
layer  of  cells  (the  starch  sheath)  in  whose  elements  we  observe 
large  quantities  of  stai*ch.  In  the  parenchyma  of  the  hypanthium 
of  the  pear,  I  found  on  June  8th  but  little  starch ;  it  was  present 
only  in  isolated  cells,  obviously  indicating  that  the  starch  is  very 
rapidly  used  up.  At  a  still  earlier  stage  of  development  (on  May 
2nd)  I  could  detect  no  starch  in  the  cells,  even  on  treating  thin 
sections  of  the  hypanthium  with  chloral  hydrate  and  iodised 
Potassium  iodide  solution. 

If  we  cut  transverse  sections  through  a  flower  of  Phaseolus 
after  removing  the  petals  and  sepals,  we  shall  observe  the  mono- 
merous  ovary,  surrounded  by  the  split  filament  tube.  In  Phaseo- 
lus and  many  other  Papilionaceae  only  nine  of  the  ten  stamens 
are  connate,  one  stamen  is  free.  The  ovary  bears  the  ovules  ^ on 
its  ventral  suture.  According  to  Sachs,^  the  following  points  in 
particular  are  to  be  observed  in  the  ripening  of  the  fruits  and 
seeds  of  Phaseolus  (P.  vulgaris). 

Immediately  after  shedding  the  petals,  no  starch  is  to  be  found 
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either  in  the  cells  of  the  outer  green  layer  of  the  ovary  or  of  the 
inner  colonrless  layer.  Only  in  the  immediate  neighbourhood 
of  the  vascnlar  bandies  in  the  ventral  and  dorsal  sutures  is  a 
small  quantity  of  starch  present.  The  embryo  sac  contains  no 
starch  (perhaps  owing  to  its  being  very  rapidly  used  up). 
Starch  is,  however,  present  in  the  neighbourhood  of  the  embryo 
sac  and  in  the  parenchyma  of  the  funicle.  When  the  fruit  has 
attained  a  length  of  3  cm.,  the  outer  g^een  layer  of  the  ot&tj 
contains  starch  ;  the  inner  colourless  layer  contains  no  starch,  but 
.much  sugar.  In  the  funicle,  and  in  the  immediate  neighbourhood 
of  the  embryo  sac,  starch  is  present.  The  embryo,  which  is  still 
very  small,  is  devoid  of  starch.  As  the  development  of  the  fruit 
and  seed  proceeds,  much  starch  (but  no  sugar)  is  still  always  to 
be  found  in  the  parenchyma  of  the  funicle,  which  serves  as  an 
organ  of  conduction,  and  also  a  large  quantity  of  starch  gradually 
accumulates  in  the  cotyledons  of  the  developing  embryo. 

Cases  have  come  before  me  in  which  neither  in  the  embryo  sac, 
nor  iu  the  tissue  of  the  nucellus  and  funicle  (presumably  in  con- 
sequence of  the  very  active  growth  of  the  cells),  were  starch  or 
sugar  to  be  detected.  I  investigated  on  May  4th  flowers  of 
Tulipa  sylvestris,  and  found  in  the  cells  of  the  anatropous  ovules, 
contained  in  large  numbers  in  the  trilocular  ovary,  large  quati* 
tities  of  proteid,  but  neither  starch  nor  glucose. 


^  See  Sachs,  Pringsheim*8  Jahrbiicfiert  Bd.  3,  p.  231. 

128.    Preparation  of  the  Material  Necessary  for  duantitatlTe 

Chemical  Besearches  on  Metabolism. 

One  of  the  most  important  but  at  the  same  time  most  difficult 
and  tedious  tasks  in  quantitative  chemical  investigations  concern- 
ing plant  metabolism  is  to  obtain  suitable  material.      It  is  best  to 
use  seedlings  in  such  observations,  e.g.  in  studying  the  behaviour 
of  starch  or  fat.     We  first  endeavour  to  procure  seeds  of  uniform 
development,  and  also  thoroughly  capable  of  germination,  deter- 
mine  the  weight   of   dry  substance   they  contain,  obtaining  an 
average  value  by  drying  at  102°  C.  several  samples  of  the  powder 
obtained  by  grinding  the  seeds  in  a  hand-mill,  and  calculate  all 
the  results  of  the  researches  in  terras  of  dry  seed  substance. 

The  seeds  to  be  used  for  obtaining  seedlings  must  be  accurately 
weighed  ;  the  weight  of  dry  substance  they  contain  is  then  easily 
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calcnlated.  The  soaking  of  the  seeds,  the  culture  of  seedlings, 
and  the  determination  of  the  weight  of  dry  substance  in  these  are 
made  as  described  in  connection  with  the  experiments  concerning 
the  value  of  free  atmospheric  Nitrogen  for  plants  (see  19).  The 
seedlings  must  naturally,  however,  be  developed  in  complete 
absence  of  light,  e.g.  in  a  cupboard,  and  need  not  be  placed  under 
bell-glasses  for  development. 

The  chief  difficulty  in  the  researches  is  to  obtain  uniform  seed- 
ling material.  If  we  lay  out  a  number  of  seeds  to  germinate,  it 
\evj  often  happens  that  many  of  the  seedlings  develop  vigorously, 
others  feebly,  while  some  may  not  germinate  at  all,  and  decay. 
In  many  cases,  however  {e.g.  with  wheat  or  peas),  we  shall  be 
sure  to  find  in  a  number  of  cultures  some  which  are  thoroughly 
satisfactoiy,  in  which,  viz.,  all  the  seeds  employed  have  yielded 
seedlings  approximately  uniform  in  development,  and  that  is,  of 
course,  the  most  favourable  case  to  be  expected.  If  we  use  small 
seeds  (rape,  poppy),  which,  after  being  soaked  on  pieces  of  pumice 
stone,  lying  in  water,  it  is  best  to  germinate  on  moist  filter  paper 
or  moistened  glass  wool,  it  is  advisable  to  count  the  seeds,  and 
calculate  the  average  weight  per  seed.  The  seeds  which  do  not 
germinate  are  counted,  and  we  deduct  their  original  weight  from 
the  total  weight  of  seeds  taken.  If  the  number  of  seeds  ger- 
minating badly,  or  not  at  all,  is  not  too  great,  this  method  does 
not  lead  to  excessive  errors.  In  researches  with  large  seeds 
(varieties  of  beans),  it  is  preferable  to  deal  with  each  separate 
object  by  itself.  Each  single  seed  is  sepai*ately  weighed,  soaked 
and  germinated  on  moistened  glass  wool,  and  then  the  develop- 
ment of  each  separate  seedling  is  continued  in  a  separate  glass, 
containing  distilled  water,  in  the  manner  described  for  water 
cultures  (see  1).  Many  little  precautions,  which  are  nevertheless 
of  importance  to  ensure  our  obtaining  seedlings  suitable  for  our 
purpose,  will  readily  occur  to  us  in  caiTying  out  the  experiments. 

In  comparative  work  on  the  relation  between  the  metabolic 
processes  and  conditions  of  temperature,  the  seeds  must  naturally 
be  germinated  in  thermostats  (see  77)  kept  at  different  tempera> 
tures. 


P.P. 
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129.    duantitatiYe  Chemical  BeBearches  on  the  Behaviour  of 
Fats  and  CarbohydrateB  in  Plant  Metabolism.* 

The  studj  of  the  processes  exhibited  in  the  germination  of  seeds 
is  very  well  adapted  to  explain  the  behaviour  of  fats  and  carbo- 
hydrates in  metabolism.  We  first  endeavour  to  determine  the 
percentage  composition  of  the  seeds,  and  of  the  products  of  their 
germination  which  have  been  obtained  in  the  manner  given  ia 
128,  and  then,  in  order  to  obtain  comparable  numbers,  reduce  the 
results  to  100  gr.  of  seed  dry- substance,  and  the  quantity  of 
seedling  dry-substance  obtained  from  100  gr.  of  seed  dry-snb- 
stance.  If,  e,g.,  100  gr.  of  seed  substance  has  yielded  90  gr.  of 
seedling  substance,  the  values  for  the  percentage  composition  of 
the  seedlings  must  be  reduced  to  a  total  of  90  gr.  The  analysis 
of  the  seeds  and  seedlings  is  made  as  follows : — 

About  3  gr.  of  the  dry  substance  (seed  or  seedling)  very  finely 
powdered,  is  extracted  with  ether  in  the  manner  indicated  in  120 
for  determination  of  the  fat.  The  residue  from  the  fat  determina- 
tion is  i*epeatedly  digested  for  some  time  with  water  at  the 
ordinary  room  temperature.  After  filtering,  the  fluid  is  made  up 
to  200  c.c.  Of  this,  50  c.c.  ai'e  used  for  the  determination  of 
sugar  (see  115),  and  50  c.c.  more,  after  the  fluid  has  been  boiled 
with  a  little  Sulphuric  acid,  for  the  determination  of  dextnn 
(see  116). 

We  treat  the  residue  extracted  with  water,  or  better  about  3  gr- 
of  fresh  seed  or  seedling  material  (in  very  fatty  seeds  or  seedlings 
the  fat  must  first  be   removed),   in   a   flask   of   about  500  c.c 
capacity,  with  200  c.c.  of  water,  boil  for  some  time  till  the  starch 
has  quite  thickened,  and  digest  the   fluid  for  about  two  bours 
longer  at  a  temperature  of  70°  C.  after  adding  a  few  drops  of 
Hydrochloric  acid.     We  then  allow  to  cool,  make  up  to  500  c.c.» 
let  settle,  and  filter  off  200  c.c.  through  a  dry  filter.     We  mix  the 
clear  filtrate  with  15  c.c.  of  25  per  cent.  Hydrochloric  acid,  boil 
for  three  hours,  replacing  the  water  lost  by  evaporation,  and  after 
allowing  to  cool  again  make  up  to  200  c.c.     In  50  c.c.  of  the  fluid 

*  Many  valuable  methods  have  lately  been  discovered  for  aeeurately  deter- 
mining the  quantity  of  the  different  bodies  present  in  seeds  and  seedlingB* 
ThiB  is  not  the  place  to  go  into  sach  details.  We  must  hence  consult  the 
recent  literature  on  agricultural  chemistry  and  KOnig's  book  already  frequently 
cited. 
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we  determine  the  sugar  by  means  of  Fehling's  solution,  and  then 
calculate  the  corresponding  quantity  of  starch  (see  111).^ 

The  residue  left  after  treating  with  Hydrochloric  acid,  we  boil 
for  half  an  hour  with  200  c.c.  of  1  per  cent,  potash  solution,  filter, 
and  boil  the  mass  remaining  on  the  filter  for  half  an  hour  with  200 
c.c.  of  water.  The  residue  still  left  is  collected  on  a  weighed  filter 
paper,  washed  with  alcohol  and  ether,  diied  and  weighed.  From 
the  quantity  of  raw  fibre  obtained  must  be  deducted  the  weight  of 
ash  and  the  quantity  of  protcid  present  in  it,  both  of  which  must 
be  determined. 

Special  portions  of  the  seed  and  seedling  material  are  taken  for 
the  determination  of  the  ash.  The  quantity  of  proteid  present  in 
the  seeds  and  seedlings  must  likewise  be  determined,  and  possibly 
also  the  quantity  of  asparagin,  etc.  (see  99). 

In  calculating  the  percentage  composition  of  seeds  and  seed- 
lings from  the  results  of  the  experiments  we  have  made,  there 
always  remains  a  not  inconsiderable  deficiency.  The  quantity  of 
"  undetermined  substances  "  must,  however,  be  specified. 

As  to  the  significance  of  quantitative  chemical  experiments  in 
the  study  of  metabolism,  I  have  spol^en  fully  elsewhere.*  It  need 
only  be  mentioned  here  that  by  this  method  we  can,  e.^.,  clearly 
make  out  in  what  relation  the  amount  of  starch  vanishing  in 
metabolism  stands  to  the  amount  of  dry  substance  disappearing, 
how  much  sugar  is  produced  under  particular  conditions,  how 
much  starch  is  formed  in  the  germination  of  fatty  seeds  when  a 
certain  amount  of  fat  has  disappeared,  and  so  forth.  All  these 
questions  are  of  high  scientific  interest.'* 


1  See  also  Konig,  Untersuchung  landwirthschl.  wichtiyer  Staff e^  1891,  p.  231. 

*  See  Detmer,  Vergleichende  Phygioloffie  d.  Keimungsprocegses  der  Sameii, 
1890. 

*  See  also  in  the  places  indicated  the  literature.  Also  see  Detmer,  Physiol. 
UnUrntchungen  ilber  die  Keimung  olhaltiger  Samen  and  die  Vegetation  von  Zea 
Mays^  1875;  Detmer,  in  Wollny's  Forschungen  auf  dem  Gebiete  der  Agricultur' 
physikf  Bd.  2.  And  Sacbsse,  Ueber  einige  eJiem,  Vorgibige  bei  der  Keimung  von 
Pi$um  sativum,  1872. 
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IV.    THE  BYE-PRODUCTS  OF  VEGETABLE 

METABOLISM. 

130.    The  Organic  Acids  in  Plants. 

The  organic  acids  in  plants  are  not  to  be  regarded  as  prodacts 
of  assimilation.  They  originate  for  the  most  part,  as  will  be 
more  specially  shown  in  131,  from  carbohydrates  by  processes  of 
oxidation.  The  organic  acids  of  plants  (Oxalic,  Citric,  Malic,  etc.) 
are  present  in  the  cell -sap  either  in  the  free  state  or,  as  perhaps 
more  generally,  combined  with  bases  to  form  acid  or  neutral  salte, 
which  may  be  readily  solnble  or  soluble  only  with  difficulty.  The 
cell-sap  in  parenchyma  very  generally  contains  more  or  less  con- 
siderable quantities  of  free  organic  acids  or  of  acid  salts  of  organic 
acids,  and  we  can  readily  satisfy  ourselves  of  this  by  applying  blue 
litmus  paper  to  the  fresh-cut  surface  of  any  plant  structure. 
The  reddening  of  the  paper  indicates  the  presence  of  the  acid.  In 
many  cases  the  acid  character  of  the  cell- sap  may  be  detected 
even  by  the  sense  of  taste. 

The  free  acids  and  their  acid  salts  have  numerous  functions  in 
the  cells,  which  we  have  already  in  part  considered.  The  acids 
very  considerably  intensify  the  turgescence  of  the  cell  contents, 
they  accelerate  the  transformation  of  starch  by  diastase,  thej 
serve  in  many  cases  to  protect  plants  against  the  attack  of 
injurious  animals,  they  decompose  the  nitrates  absorbed  from  the 
soil  by  the  roots,  a  process  of  great  importance  in  the  formation 
of  proteids,  they  combine  with  the  excess  of  lime  absorbed  by  the 
plants,  and  they  decompose  the  chlorides  present  in  the  plant  with 
liberation  of  Hydrochloric  acid. 

Oxalic  acid  is  very  widely  distributed  in  the  vegetable  kingdom. 
It  is  found  free,  and  in  acid  salts  which  are  soluble  in  the  cell- 
sap,  but  also  very  frequently  in  combination  with  lime.  Crystals 
of  Calcium  oxalate  are  found  in  special  cells,  and  we  have  referred 
to  them  (see  24).      Further  examples  may  now  be  mentioned. 

We  prepare  a  longitudinal  section,  perpendicular  to  the  surface, 
from  the  leaf  of  Aloe  arborescens.  The  epidermis,  the  green 
parenchyma,  and  the  aqueous  tissue  free  from  chlorophyll  are 
easily  made  out  under  the  microscope.  In  the  green  tissue  we 
notice  further  tubular  cells,  running  parallel  to  the  long  axis  of 
the  leaf,  which  are  crowded  with  large  quantities  of  needle-shaped 
crystals  of  Calcium  oxalate.  These  bundles  of  raphides  lie  in  a 
mucilaginous  matrix,  and  in  the  preparation  of  sections  it  fre- 
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quently  happens,  when  an  j  of  the  tabular  cells  are  accidentally 
opened,  that  these  mucilaginous  niasses  with  the  raphides  escape, 
so  that  we  observe  them  outside  the  section  in  the  surrounding 
fluid.     If  we  treat  the   sections  with  potash  or  Acetic  acid,  the 
raphides  do  not  dissolve.     We  further  prepare  transverse  sections 
from  the  leaf  of  Beta  vulgaris.    On  microscopic  examination  we  see 
clearly  the  epidermis  of  the  upper  and  under  sides  of  the  leaf,  the 
slightly  developed  palisade  parenchyma,  and  the  spongy  paren- 
chyma,  with   its   numerous    intercellular   spaces.      In   this   last 
occur   the  so-called   granule   tubes,  cells   which   are   filled  with 
small  crystals  of  Calcium  oxalate.     We  prepare  still  further  a 
section  from  a  shoot  about  5  mm.  in  thickness  of  Tilia  parvifolia. 
The  appearance   of  the  transverse   section  has  already  been   de- 
scribed in  42.     We  need  only  notice  here  that  in  the  outer  part  of 
the  medullary  rays,  and  in  the  tissue  of  the  primary  cortex,  many 
cells  are  present  which  contain  cluster  crystals  of  Calcium  oxalate. 
Some  plants,   especially  the   Crassulacea;   (e..^.   Sempervivum, 
Echeveria,  Bryophyllum)  are  distinguished .  by  the  fact  that  their 
cell-sap  contains  very  large  quantities  of  Malic  acid,  which,  as 
Kraus  ^  proved,  is  for  the  most  part  combined  with  lime.    •  The 
malate,  which  is  soluble  in  the  cell-sap,  sometimes  constitutes  50 
per  cent,  of  the  dry  weight  of  the -sap  in  the  leaves  of  these  plants. 
We  pound  a  few  leaves  of  Bryophyllum  in  a  mortar,  transfer  the 
pulp  to  a  dry  filter,  and  determine  the  dry  weight  of  a  small  part 
of  the  sap  obtained,  the  larger  pai'fc  of  it  being  mixed  with  4  or  5 
times  its  volume  of  96  per  cent,  alcohol.  .  The  malate  separates  out 
in  the  form  of  a  white  powdery  precipitate,  which  we  can  filter 
off,  wash,  dry,  and  weigh. 

It  is  very  often  important  in  plant  physiology  to  determine  the 
acidity  of  plant  saps,  t.e.  the  amount  of  titratable  acids  which 
they  contain.  According  to  circumstances,  different  methods 
must  be  employed,  and  we  will  now  consider  these.  The  method 
of  preparing  the  saps  or  extracts  in  which  the  quantity  of  acid  is 
to  be  determined  is  a  matter  of  prime  importance.  If  in  com- 
parative work  it  is  only  desired  to  determine  relative  values 
for  the  acidity,  the  material  when  very  juicy,  as  is  the  case,  e.f/., 
with  rhubarb  leaf-stalks,  is  rubbed  on  the  grater,  or  if  poor  in 
water  is  cut  up  into  pieces  and  pounded  as  thoroughly  as  possible 
in  a  porcelain  mortar.  The  pulpy  masses  are  squeezed  in  a  cloth 
by  the  hand  or  by  means  of  a  press,  with  as  uniform  a  pressure 
as  possible,  and  then  the  sap  is  finally  cleared  by  filtering.    Under 
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some  conditions  it  is  also  advisable  to  lixiviate  the  crashed  masses 
with  a  little  water,  and  filter  the  fluid  obtained.  If  it  is  desired 
to  obtain  absolute  values  for  the  acidity  of  the  plant  strnctnres, 
they  ai'e  first  weighed,  then  the  pulp  obtained  by  poanding  tbem 
is  mixed  with  water  and  warmed  for  half  an  hour  in  thick- 
walled  glass  vessels,  in  the  water- bath,  at  a  temperature  of  from 
80°  C.  to  at  most  90°  C,  to  drive  off  Carbon  dioxide,  then  trans- 
ferred to  a  filter  and  washed  with  as  little  hot  water  as  possible 
(see  60).  In  investigating  the  behaviour  of  free  organic  acids  in 
the  CrassulacesB  (see  131),  the  best  method  of  procedure  is  to 
weigh  the  leaves  which  we  select  for  examination,  crush  them  in 
a  mortar,  then  for  half  an  hour  heat  the  pulp,  together  with  the 
water  employed  for  rinsing  (which  should  be  as  little  as  possible), 
on  a  water-bath  in  thick- walled  glasses  to  a  temperature  of  from 
80°  C.  to  at  most  90°  C,  then  again  transfer  to  a  mortar,  rinsing 
out  the  vessels  with  wat/cr  and  pouring  the  rinse- water  into  the 
mortar,  and  finally  after  cooling  at  once  titrate. 

For  titrating  saps,  extracts  or  pulp,  we  use  dilute  potash  or 
soda  lye.     We  dissolve  1  gr.  of  caustic  potash  or  caustic  soda  in 
1,000  c.c.  of  water,  add  slight  excess  of  baryta  water,  and  then 
Sodium  sulphate  in  order  to  precipitate  the  excess  of  baryta.    The 
clear  solution,  which  is  now  free  from  Carbonic  acid,  should  give 
no  precipitate  with  Sulphuric  acid.     To  fill  the  burette  we  employ 
an  arrangement  such  as  that  represented  in  Fig.  98.     In  titrating 
we  run  the  potash  or  soda  solution  from  the  burette  into  the  acid- 
containing  sap,  exti-acts,  or  pulp,  and  if  we  are  working  with 
very  clear  saps,  add  from  3  to  5  drops  of  a  dilute  alcoholic  solu- 
tion of  phenolphthalein  to  serve  as  an  indicator.      In  other  cases, 
especially  in  the  titration  of  pulp,  turmeric  paper  must  be  used. 
In  compai-ative  work  it  is  not  necessaiy  to  determine  the  titration 
equivalent  of  the  soda  or  potash  solution.     If,  however,  this  is 
required,  we  prepare  a  normal  solution  of  an  acid,  i.e,  a  solution 
which  contains  1  equivalent  weight  in  grams  of  a  monobasic  acid 
to  every  1,000  c.c.     In  using  Oxalic  acid  (C2H2  04-l-2H2  0  =  126) 
63  gr.  of    pure  acid  must  be  dissolved  in  1,000  c.c.  of    water. 
From  this  solution  the  equivalent  titre  of  the  soda  or  potash  solu- 
tion is  easily  determined.^ 


1  See  G.  Kraus,  Abhandlungen  der  Naturforschmden  GuelUchaft  zu  Halle, 
Bd.  16. 

^  On  methods  of  titrating  [see  Mohr,  Lehrbuch  d.  analytiich-ehem,  Titrir- 
mcthode. 
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131.    The  Behavioar  of  the  Free  Organic  Acids  in  the  Crassnlacese, 

and  Some  Other  Plants. 

Many  CrassalacesB  and  other  plants,  especially  sncculent  ones, 
are  very  remarkable  in  the  fact  that  the  quantity  of  free  organic 
acids  in  their  sap  (we  have  in  these  cases  specially  to  deal  with 
Malic  acid)  is  much  less  in  the  daytime  than  at  night.  The 
extreihely  complicated  relations  in  question  have  been  by  no 
means  thoroughly  examined  in  all  directions.  But  a  few  facts 
have  been  established,  and  shall  be  experimentally  confirmed 
below,  after  I  have  first  stated  very  briefly  the  views  which  I 
have  formed  on  the  basis  of  previous  investigations  as  to  the 
behaviour  of  oi*ganic  acids  in  the  CrassulacesB.^  In  the  tissue 
(especially  in  the  leaf  tissue)  of  the  Crassulaceee  and  some  other 
plants,  two  processes  are  constantly  and  under  all  circumstances 
going  on  side  by  side,  which  appear  to  be  of  the  utmost  signifi- 
cance in  connection  with  the  acidity  of  the  sap.  On  the  one  hand, 
production  of  acid  is  always  taking  place,  and  on  the  other,  acid 
is  always  undergoing  decomposition.  The  amount  of  acid  at  any 
given  moment  is  therefore  the  resultant  of  these  two  processes.* 

It  is  a  fact  of  great  importance  that,  under  certain  conditions, 
considerable  quantities  of  free  acid  can  accumulate  very  rapidly 
in  the  cells  of  the  CrassulacesD,  and  one  which  is  undoubtedly  of 
biological  significance  for  the  plants.  These,  viz.,  grow  generally 
in  dry  and  often  very  calcareous  localities.  They  need  therefore 
special  means  for  increasing  the  osmotic  capacity  of  their  cell 
contents,  so  that  large  quantities  of  water  may  collect  in  their 
tissues,  and  at  the  same  time  for  rendering  possible  combination 
of  the  excess  of  lime  transferred  to  their  cells  from  the  soil. 
The  organic  acids  serve  both  these  ends. 

The  acids  are  produced  from  carbohydrates  under  the  influence 
of  Oxygen.  They  originate  from  oxidation  of  the  products  of 
assimilation.  That  such  considerable  quantities  of  acid  should 
accumulate  in  the  tissue  of  succulent  plants  is  related  to  their 
organization.  Succulent  plants,  viz.,  in  virtue  of  the  possession  of 
a  thick  cuticle,  relatively  few  stomata,  and  fleshy  tissue,  maintain 

*  Besides  the  decomposition  of  free  organic  acids  in  the  tissue  of  the 
Crassalaceie  there  is  continually  going  on  in  them  a  combination  of  the  acids 
with  bases  (Kraas).  Hence  large  quantities  of  certain  salts  gradually  collect 
in  the  cells,  and  the  production  of  these  compounds,  which  however  we  must 
here  leave  out  of  consideration,  is  also  naturally  not  without  significance  as 
regards  the  acidity  of  Crassolaceous  plants. 
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only  a  very  limited  interchange  of  gases  with  the  exterior.  Oxygen 
is  not  at  the  disposal  of  ^cir  cells  in  excessive  quantity,  and  the 
combustion  of  the  carbohydrates  is  therefore  only  incomplete.  It 
does  not,  under  certain  conditions  at  least,  proceed  as  far  as  the 
production  of  Carbon  dioxide  and  water,  but  considerable  quan- 
tities of  organic  acids  accumulate  as  products  of  incomplete 
oxidation. 

The  process  of  acid  decomposition  which  is  constantly  going  ou 
side  by  side  with  the  process  of  acid  formation  in  the  tissue  of  the 
GrassulaceaB  is,  as  regards  the  energy  with  which  it  proceeds, 
highly  dependent  on  conditions  of  tempei*ature  and  illumination. 
High  temperature  and  exposure  to  light  very  considerably  ac- 
celerate the  decomposition  of  the  acids.  Hence  the  acidity  of  the 
tissue  in  Crassulaceous  plants  diminishes  when  they  are  exposed 
in  the  dark  to  a  high  temperature,  or  w:hen  they  are  submitted  to 
the  influence  of  light.  In  darkness,  on  the  other  hand — especially 
at  a  low  temperature— the  acidity  of  the  sap  of  the  Crassalaceap 
rises.  And  indeed  we  know  that  the  acidity  of  the  sap  in  these 
plants  undergoes  a  daily  periodic  variation.  In  the  daytime  the 
sap  is  slightly  acid  in  reaction,  at  night  strongly  acid. 

The   decomposition   of    the   acids   is   essentially   an  oxidation 
associated  with  production  of  Carbon  dioxide.      The  acid  already 
formed  by  oxidation  undergoes  further  and  complete  oxidation, 
and  the*  question  now  arises  how  it  happens  that  the  rays  of  light 
accelerate  the  process.     It  has  been  already  mentioned  that  tlie 
Crassulacead  can  for  various  reasons  carry  on  only  a  limited  inter- 
change of  gases.     This  determines  the  collection  in  the  tissue  of 
large  quantities  of  acid.   In  darkness  there  is  a  deficiency  of  Oxygen 
in  the  tissues  ;  access  of  light,  on  the  other  hand,  markedly  inci'eases 
the  quantity  of  Oxygen  in  the  tissues,  since  Oxygen  is  set  fi'ee  in 
assimilation.     The  assimilating  chlorophyll  grains   do   not  take 
paH  dii'ectly  in  the  process  of  acid  decomposition,  but  they  do 
indirectly  by  causing  the  liberation  of  considei*able  quantities  of 
Oxygen  in  the  tissues,  which  in  turn  effect  complete  oxidation  of 
the  acid.     The  Carbon  dioxide  thereby  originating  can  again  be 
worked  up  in  the  chlorophyll  corpuscles,  and  the  Oxygen  set  free  is 
once  more  in  a  position  to  accelerate  the  decomposition  of  acid.' 

These  relations  are  of  the  very  first  significance  in  explaining 
the  increased  decomposition  of  acid,  and  they  are  of  themselves 
sufficient  to  account  for  the  accelei*ation  of  this  process  under  the 
influence  of  light.     But  it  appears  probable  to  me  that  the  rays  of 
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light  also  participate  directly  in  the  action.  We  shall  make 
experiments  which  go  to  show  that  access  of  light  favours  the 
oxidation  of  organic  acids  outside  the  organism.  A  direct  influ- 
ence of  the  rays  of  light  on  the  process  of  acid  decomposition 
in  the  cells  of  plants  therefore  appears  to  be  quite  possible. 

We  know  that  if  parts  of  succulent  plants  are  left  for  some 
time  (e.g.  for  a  night)  in  a  limited  quantity  of  air,  they  catise  a 
diminution  in  its  volume.  Oxygen,  in  fact,  enters  into  combina- 
tion with  formation  of  organic  acids.  The  same  structures,  on  the 
other  hand,  increase  the  volume  of  the  air  surrounding  them  in  the 
daytime,  since  they  expire  Oxygen.  This  Oxygen  is,  however, 
not  directly  split  off  from  the  molecules  of  the  decomposing 
organic  acids,  but  is  a  product  of  the  actual  assimilatory  activity 
of  the  chlorophyll  corpuscles.  The  necessary  Carbon  dioxide  is, 
however,  afforded  in  the  manner  above  discussed  by  the  decom- 
posing organic  acids. 

We  now  proceed  to  give  directions  for  experiments  which  will 
give  information  concerning  the  behaviour  of  organic  acids  in  the 
Crassulaccie. 

For  our  observations  we  employ  vigoi'ous  pot-plants,  grown 
under  the  most  favourable  external  conditions,  of  Bryophyllum 
calycinum,  Echeveria  metallica,  or  Rochea  falcata  (the  last  plant 
is  particularly  suitable).  In  comparative  work  on  the  accumu- 
lation or  disappearance  of  acids  in  the  tissue  of  the  leaves,  we 
employ  either  the  two  opposite  leaves  of  a  pair  (e.g.  Rochea),  or 
we  experiment  with  a  single  leaf  only  (e.g.  Echeveria  metallica), 
and  divide  it  longitudinally  into  two  portions  as  nearly  as  possible 
similar.  The  objects  are  weighed  immediately  after  removal 
from  the  plant.  If  it  is  not  required  to  determine  the  quantity  of 
free  acid  which  they  contain  until  some  time  has  elapsed,  they  are 
placed,  e.g.^  on  moistened  blotting-paper,  and  covered  with  bell- 
glasses.  We  determine  the  amount  of  acid  in  the  leaves  by 
titration.  The  quantity  of  potash  used  in  titrating  gives  a  direct 
measure  of  the  acidity  of  the  cell-sap  (for  method  see  130). 

We  first  carry  out  the  following  investigation :— A  plant  of 
Rochea  is  exposed  during  the  day  to  direct  sunlight,  and  towards 
evening,  about  five  or  six  o'clock,  a  pair  of  leaves  are  cut  off.  If 
we  experiment  with  Bryophyllam,  we  take  a  few  paird  of  leaves  ; 
in  experiments  with  Echeveria  we  use  only  one  of  the  liirge  leaves. 
Half  of  the  material  is  at  once  tested  acidimetrically,  the  other 
half  next  morning,  the  objects  having  been  kept  till  thlBit  time  in 
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complete  darkness  in  moist  air  under  a  bell-glass.  I  found,  e.g., 
that  the  two  members  of  a  pair  of  Rochea  falcata  leaves  weighed 
respectively  12 "0  gr.  (a),  and  13*6  gr.  (b).  a  was  examined  iu  the 
evening,  immediately  after  being  cutoff,  h  not  till  the  next  morning. 
The  pulp  from  a  required  for  neutralisation  2*6  c.c,  that  from  h  12*5 
C.C.,  of  dilute  potash.  For  every  10  gr.  of  leaf  substance  employed 
these  numbers  give  for  a  2*1  c.c,  for  b  9*2  cc,  of  potash,  a  differ- 
ence of  7*1  c.c.  Another  plan  is  to  cut  only  one  leaf  from  the 
plant  in  the  evening,  and  determine  its  acidity  at  once,  while  the 
.second  leaf  is  not  removed  till  the  next  morning,  the  plant  having 
meanwhile  been  kept  in  complete  darkness.  The  experiments 
always  indicate  a  considerably  higher  acidity  in  the  case  of  leaves 
which  have  been  kept  some  time  in  darkness. 

To  prove  still  moi*e  certainly  that  the  acidity  of  the  sap  of 
Crassulaceous  plants  diminishes  in  presence  of  light,  but  in- 
creases in  darkness,  it  is  necessary  to  make  the  following  experi- 
ment : — Two  opposite  leaves  of  a  plant  of  Rochea  are  cut  off  early 
in  the  morning.  One  leaf  is  halved  longitudinally,  and  in  one 
half,  after  weighing  it,  we  at  once  determine  the  quantity  of  acid 
in  the  cell-sap  by  titration.  The  second  half  we  hang  under  a  hell- 
glass,  the  air  within  which  is  saturated  with  moisture,  and  exclade 
the  light  by  covering  over  with  a  cardboard  cylinder.  The  second 
leaf  is  hung  up  under  a  bell-glass,  the  space  within  which  is  also 
saturated  with  moisture,  and  exposed  to  very  bright  diffuse  day- 
light, cai*e  being  taken  that  the  back  of  the  leaf  also  receives  light 
I'eflected  from  a  suitably  arranged  mirror.  Proceeding  in  this 
way  the  objects  are  exposed  to  approximately  the  same  conditions 
of  temperature,  and  diminution  of  acidity  due  to  rise  of  temperature 
is,  as  far  as  possible,  excluded.  If  in  the  evening  we  determine 
the  acidity  of  the  half  leaf  and  of  the  entire  leaf,  we  shall  find 
that  the  former  is  richer  in  acid  than  the  latter  (comparing  natu- 
rally equal  weights  of  fi*esh  leaf  substance).  We  easily  satisfy 
ourselves  of  the  important  influence  of  temperature  on  the  process 
of  acid  decomposition  in  the  leaf  of  Crassulaceous  plants,  if  in  the 
early  morning  we  remove  a  few  of  the  acid  leaves  from  plants  of 
Bryophyllum,  Rochea,  or  Echeveria,  which  have  been  exposed  to 
normal  conditions  of  environment,  and  in  some  of  them  determine 
the  acidity  at  once,  while  in  the  remainder  the  acidity  is  deter- 
mined after  they  have  been  kept  in  complete  darkness  for  aboat 
twelve  hours,  part  at  a  lower  temperature  (say  12^-16°  C),  part 
in  a  thermostat  at  a  temperature  of  30°  C.      It  will  appear  that 
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the  exposure  to  the  higher  temperature,  Id  spite  of  the  exclusion 
of  light,  has  brought  about  a  diminution  in  the  acidity. 

Towards  evening  we  take  a  pair  of  leaves  from  a  plant  of 
Rochea  (we  may  also  experiment  with  Echeveria  or  Bryophyllum). 
In  one  leaf  the  acidity  is  determined  at  once,  the  other  is  longi- 
tudinally halved.  Each  half,  after  being  weighed,  is  cut  up 
into  small  pieces  about  1  cm.  long,  and  these  are  placed  in  retorts 
filled  with  distilled  water  which  has  been  boiled  and  then  allowed 
to  thoroughly  cool  again.  The  water  in  one  retort  is  replaced 
by  air,  that  in  the  other  by  pure  Hydrogen  (for  method  see  10) » 
Next  morning  we  make  determinations  of  acidity,  and  it  is  found 
that  the  pieces  exposed  to  air  have  produced  much  free  acid, 
while  in  those  exposed  to  Hydrogen  very  small  quantities  at  most 
of  free  acid  have  been  formed.  Free  Oxygen  is  therefore  neces* 
sary  for  copious  production  of  acid. 

It  has  already  been  mentioned  that  access  of  light  accelerates 

the  decomposition  of  organic  acids  outside  the  organism,  a  fact 

which,  as  I  previously  remarked,  is  most  certainly  of  interest 

in  connection  with  the  question  which  we  are  here  considering. 

We  can   easily   demonstrate   (even   in   lecture)   the   influence  of 

light  on  the  decomposition  of  acids.     We  fill  a  test-tube  to  the 

N 
top  with  a        solution  of  Oxalic  acid,  add  to  it  some   freshly 

o 

prepared  Ferric   hydrate    (prepared  by   mixing  Ferric   chloride 

solution  with  ammonia  and  carefully  washing  the  precipitate),. 

and   now  invert    the  test-tube    over    mercury  and    expose   the 

solution,  which,  after  some   time,  becomes   intensely  yellow  in 

colour,  to  direct  sunlight.     An  evolution  of  gas  at  once  begins*,. 

the  gas  (Carbon  dioxide)  collects  in  the  upper  part  of  the  tube, 

while  the  fluid  becomes  colourless,  and  a  precipitate  of  Ferrous 

oxalate  separates  out.      It  is  not  impossible  that  the  oxidation 

of  organic  acids  in  the  plant  is  similarly  greatly  promoted  by 

the  direct  influence  of  rays  of  light. 

Finally,  we  will  make  experiments  which  tea<;h  that  succulent 

structures,  as  already  mentioned,  actually  take  up  a  comparatively 

large  quantity  of  Oxygen,  when  acids  are  accumulating  in  their 

cells.      For   the    purpose  of   lecture    demonstration   it   is   quite 

sufficient  to  proceed  as  follows : — We  take  a  leaf  from  a  plant 

of  Bochea  falcata  on  the  evening  of  a  hot  summer  day  (the  leaf 

which  I  used  weighed  24  gr.),  cut  it  up  into  pieces,  and  place 

the  pieces  in  the  upper  expanded  part  of  the  eudiometer  shown 
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in  10,  Fig.  11.  We  dip'tbe  lower  end  of  tbe  eudiometer  in  water, 
close  the  apparatus,  and  place  it  in  the  dark.  After  some  tune 
(e.g,  twelve  hours)  we  find  that  the  water  has  risen  considerably 
in  the  tube,  while  this  is  not  the  case  in  parallel  experiments 
in  which  young  stems  of  non-snccnlent  plants  (e.g,  Helianthos) 
were  introduced  into  a  second  eudiometer.  The  pieces  of  Bocbea 
leaf  cany  on  not  only  normal  respiration,  but  at  the  same  time 
vinculatory  respiration.  They  absorb,  in  fact,  much  Oxygen, 
without  corresponding  production  of  Carbon  dioxide,  for  the 
conversion  of  carbohydrates  into  oi*ganic  acids. 

In  exact  quantitative  investigations  concerning  the  inspiration 
of  Oxygen  by  succulent  plants  we  must  naturally  employ  mercury 
for  closing  the  eudiometer.  The  method  of  procedure  will  he 
obvious  from  what  was  said  in  13. 


^  Literature :  A.  Mayer,  LandwirthschL  Versuchsitationetti  Bd.  18  and  Bd. 
21 ;  Betmer,  Priogsbeim's  Jahrhiieher,  Bd.  12,  and  Lehrbuch  der  Pflanzen- 
phyiiohgic,  1883;  H.  de  Vriea,  Verslagen  ea  Mededeelingen  der  Koninkl. 
Akadem.  van  Wetennchappen^  1884 ;  G.  Eraus,  Abliandlungen  der  Naturfor- 
itchenden  fieselUchaft  zu  Hailed  Bd.  16 ;  Warburg,  Untennehungen  a.  d.  botan. 
Institut  zu  Tubingen,  Bd.  2.  The  views  whicb  I  have  expressed  in  my  cited 
papers  on  the  subject  before  us  are  essentially  different  from  those  here 
advocated  by  me. 

.    132.    Gums  and  Mucilages. 

Gum  arable  (the  product  of  various  sorts  of  Acacias)  consists 
chiefly  of  Arabic  acid.  If  we  treat  some  gum  arabic  in  a  watch- 
glass  ^vith  iodised  Potassium  iodide  solution,  and  then  add 
Sulphuric  acid,  the  mass  only  assumes  a  brown  coloration.  All 
the  true  gums  behave  in  this  manner,  while  mucilages  take  on  a 
violet  or  blue  coloration  on  treatment  with  Iodine  and  Sulphuric 
acid.  According  to  the  researches  of  Von  Mohl,  gum  tragacanth  is 
produced  by  the  disorganisation  of  the  cells  of  the  pith  and  medul- 
lary rays  in  diffei*ent  kinds  of  Astragalus.  Gum  tragacanth  id  not 
a  homogeneous  mass,  as  we  can  see  at  once  if  we  treat  the  com- 
mercial and  powdered  substance  with  a  large  quantity  of  water. 
A  solution  is  produced  which  on  evaporation  yields  a  colourless 
glassy  mass,  gum  tragacanth  proper,  and  a  sediment  which  under 
the  microscope  is  seen  to  consist  of  starch-grains  and  fragments  of 
cell- walls.  The  amount  of  cell-membrane  incompletely  converted 
into  gum  varies  in  different  kinds  of  tragacanth. 

Gum   reservoirs  are  readily   detected  if  we  examine  sections 
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fix)in  twigs  of  Tilia  parvifolia  about  5  mm.  tbick.  -.  The  air-con- 
taining cells  of  the  pith  are  large..  Thej  are  grouped  in  the  form 
of  rosettes  round  single  small  cells  which .  contain  tannin,  starch, 
or  cluster  crystals.  The  gum  reservoirs,,  appearing  as  cavities, 
lie  in  the  outer  parts  of  the  pith.  The  periphery  of  the  pith,  into 
which  tlie  primary  masses  of  wood  project,  is  formed  of  small- 
celled  parenchyma  whose  elements  contain  tannin  or  starch. 

If  we  examine  under  the  microscope  a  transverse  section  from 
a  tuber  of  Orchis  mascula,  or  O.  Morio,  the  pai*enchy7na  in  which 
the  vascular  bundles  are  scattered  is  seen  to  consist  of  small  cells 
which  contain  starch,  and  large  cells  which  are  very  rich  in 
mucilage.  If  we  extract  pulverized  Orchid  .  tubers  with  cold 
water,  or  treat  commercial  salep  with  cold  water,  we  shall  obtain 
after  filtration  a  clear  fluid.  Addition  of  alcohol  to  this  causes 
pi'ecipitation  of  white  flocculent  masses  of  Orchid  mucilage,  in- 
soluble in  alcohol.  If  we  evaporate  the.  mucilaginous  solution  pre- 
pared as  described,  and  treat  the  residue  with  iodised  Potassium 
iodide  solution  and  Sulphuric  acid,  it  takes  on  a  violet  to  blue 
coloration.  The  mucilaginous  masses  in  Orchid  tubers  are  thus 
not  gum  but  true  vegetable  mucilages.^ 


^  The  literature  on  gams  and  mucilages  is  given  in  Sachsse,  Die  Chemic  xind 
Physiologie  der  Farbttoffe^  Kohlehydrate,  etc.,  Leipsic,  1877,  p.  161. 


133.    Tannic  Acids. 

Tannic  acids  appear  to  function  in  plants  chiefly  as  a  means  of 
protection  against  the  attacks  of  animals,  and  as  antiseptics.  It 
is  quite  in  accordance  with  this  that  in  many  cases  it  is  precisely 
the  peripheral  tisanes  which  are  specially  rich  in  Tannic  acid. 
The  best  test  for  Tannic  acid  is  Potassium  bichromate,^  and  we 
will  make  use  of  it  to  determine  the  distribution  of  Tannic  acid  in 
a  shoot  of  Corylus  Avellana.  We  first  prepaid  transverse  sections 
from  a  twig  abont  4  mm.  thick.  The  periderm  is  followed  by 
collenchyma,  this  by  cortical  parenchyma ;  then  comes  a  ring  of 
strongly  thickened  sclerenchyma  cells,  followed  by  the  bast  with 
its  scattered  bast  fibres,  and  lastly  the  wood.  If  we  put  longi- 
tudinally halved  pieces  of  Corylus  twigs  (I  investigated  twigs 
4  mm.  thick,  cut  in  November)  for  a  few  days  into  a  10  per  cent, 
solution  of  Potassium  bichromate,  and  then  examine  under  the 
microscope  delicate  transverse  sections,  the  pi^esence  of  Tannic 
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acid  in  certain  tissaes  will  bo  easily  made  ont  (particularly  in  the 
coHex,  bast  parenchyma,  and  the  nsnally  nnilayered  medullary 
rays).  The  contents  of  the  cells  containing  Tannic  acid  are 
•coloured  reddish  brown. 

On  examining  longitudinal  sections  from  the  pith  of  a  current 
year's  rose  shoot,  we  see  that  it  consists  on  the  one  hand  of  laige 
•cells,  and  on  the  other  of  longitudinally  running  rows  of  cells 
•communicating  with  one  another,  which  traverse  the  large>celled 
tissue.  If  we  examine  sections  from  the  pith,  mounted  in  a  drop 
of  a  10  per  cent,  aqueous  solution  of  Potassium  bichromate,  we 
find  that  the  contents  of  most  of  the  narrow  cells  are  stained 
reddish-brown.  We  can  also  detect  the  Tannic  acid  in  the  narrow 
•cells  by  placing  sections  from  the  pith  in  a  drop  of  aqueous  Ferric 
•chloride  solution,  or  in  a  drop  of  Ferric  sulphate  solution.  The 
•contents  of  the  cells  containing  Tannic  acid  then  stain  dark  blue. 
In  roses  the  leaves  also  are  very  rich  in  Tannic  acid,  and  to 
demonstrate  this,  e.g.  in  lecture,  we  fold  up  a  leaf  and  crush  it 
with  the  finger  on  white  blotting-paper,  so  as  to  squeeze  out  some 
of  the  cell-sap.  On  touching  the  moistened  parts  of  the  blotting- 
paper  with  a  solution  of  Ferric  chloride,  the  Tannic  acid  reaction 
at  once  appears. 

Recently  several  attempts  have  been  made  to  investigate 
•quantitatively  the  occurrence  of  tannins  in  plants,  in  order  to 
obtain  a  clearer  understanding  of  the  processes  which  bring  about 
the  production  of  tannins  in  the  organism.  In  these  investiga- 
tions, and  also  in  microchemical  studies  of  the  genetic  relation- 
ships of  tannins,  it  must  not  be  forgotten  that  the  substances 

designated  tannins  may  be  of  very  different 
chemical  constitution,  and  hence  all  work  in 
this  direction  must  still  be  of  a  provisional 
nature.  Such  researches  nevertheless  merit, 
as  closer  study  of  them  teaches,  careful  con- 
sideration, and  we  must  not  dismiss  them 
without  attention. 

For  quantitative  estimations  of  tannin  we 
employ   material    dried    at    100°   C.      Bark, 
woods,   or  massive  rhizomes  are  ground  up 
Pig.  114.  —  Extraction    v©ry    finely    in    a    suitable    mill.*     Delicate 
apparatus  for  tannin  de-    rhizomes  Or  loots,  leaves,  sccds  and  seedlings 

terminations.  ,      -•     .  ,     i  »  *     i    i 

are  soaked   in  water  and  then  rubbed  down 
as  finely  as  possible  on  a  grater.^ 
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For  extraction  of  the  tannin  the  arrangement  i-epresented  in 
Fig.  114  is  very  suitable.  The  apparatus,  which  is  made  of  tin, 
consists  of  a  lipped  cylinder  12'5cm.  in  height  and  7  cm.  in  internal 
diameter,  and  of  a  rod  carrying  at  one  end  a  sieve  plate.  Before 
using  the  apparatus,  a  piece  of  thin  gauze  is  very  carefully  tied 
over  the  sieve.  2-5  gr.  of  the  research  material,  dried  at  100°  C, 
are  treated  with  200  c.c.  of  water,  and  after  twelve  hours  the  fluid 
is  poured  into  a  litre  flask.  The  residue  is  now  transferred  to  the 
extraction  apparatus,  and  four  times  digested  at  boiling  point  for 
half  an  hour  each  time,  with  200  c.c.  of  water,  the  cylinder  being 
placed  for  the  purpose  in  a  water-bath.  The  extract  is  finally 
filtered.  The  tannin  in  the  filtrate  is  accurately  determined  by 
the  L6wenthal-v.  Schroder  method,  as  described  in  the  Report 
cited  in  Note  3,  by  titrating  with  chameleon  solution  [standard 
solution  of  Potassium  permanganate]  and  Sodium  snlphindigotate 
(Cai*minum  coerul.  opt.  of  Gehe  and  Co.,  Dresden).  The  volume 
of  the  tannin-containing  solution  used  in  any  particular  titration 
must  be  such  that  the  volume  of  the  chameleon  solution  needed 
for  its  reduction  is  not  much  less  than  that  i^equired  for  the  indigo 
solution  (10  c.c.)  alone.  Fi-om  the  volume  of  chameleon  solution 
required  is  determined  the  percentage  of  tannin  so-called,  on  the 
assumption  that  1  c.c:  of  the  chameleon  solution  corresponds  with 
2  mg^.  of  tannin. 

Among  the  most  important  facts  determined  by  Ki*aus  in  his 
cited  work  are  these,  that  tannins  are  produced  in  green  leaves  in 
the  light  and  in  presence  of  Carbon  dioxide,  but  not  in  the  dark 
or  in  absence  of  Carbon  dioxide.  Nevertheless,  tannins  are  not 
to  be  regarded  as  pix)ducts  of  assimilation ;  more  probably  the}" 
oi-iginate  as  bye  products  of  metabolism  in  the  synthesis  of 
proteids.  Many  plants,  moi*eover,  in  general  do  not  form  tannins, 
and  often  even  in  organs  which  normally  contain  them  they 
are  not  produced,  although  carbohydrates  are  being  formed  by 
assimilation.  This  last  is  the  case,  e.g.,  in  comparatively  feeble 
light. 

We  cut  in  summer,  in  warm  weather,  six  mature  leaves  of 
Saxifraga  crassifolia,  remove  one  half  of  each  leaf  by  section 
alongside  the  midrib  (without,  however,  injuring  this),  and  from 
the  isolated  halves  remove  pieces,  each  about  50  sq.  cm.  in  area, 
using  templets  made  of  millimetre  paper.  We  now  dry  these 
pieces  of  leaf,  and  determine  the  quantity  of  tannin  they  contain. 
The  half-leaves  left  attached  to  their  midHbs  are   placed  with 
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acid  in  certain  tissues  will  bo  easily  made  oat  '/  ytnaU  glasses, 
cortex,  bast  parenchyma,  and  the  nsnally  /  Anich  may,  it 
rays).  The  contents  of  the  cells  contr  '  '  >^s  arranged,  we 
<;olonred  reddish  brown.  ^ade  afforded,  e.^., 

On  examining  longitudinal  sectionF        '      -^se  halves  like  those 
year's  rose  shoot,  we  see  that  it  cor  ^^^  *^e  help  of  our 

<;ells,  and  on  the  other  of  longif  *ces  of  course,  and  de- 

communicating  with  one  anothr  /^^ces  and  the  amount  of 

tissue.     If  we  examine  sectior  -I'^-^s  and  Viburnum  may  be 

of  a  10  per  cent,  aqueous  -  '^"^   shall   find   that  our  leaves 

find  that  the  contents  of  ^^y  weight  and  in  tannin ;  tliat  is 
i-eddish-brown.  We  car  ^^^  kept  for  a  few  days  in  the  dark. 
<:!ells  by  placing  sectio-  -^^^^  with  leaves  of  Saxifraga,  with  the 
chloride  solution,  or  r,  that  the  leaves  are  exposed  to  the  light 
•contents  of  the  ce"*  ^'i«ss  in  an  atmosphere  devoid  of  Carbon 
In  roses  the  le  A  ^^^^  ^^  increase  in  the  quantity  of  tannin 
demonstrate  t^  <»»  have  therefore  made  out  that  tanuin  can  only 
with  the  fin'  iteen  leaves  under  the  influence  of  light  and  in 

of  the  cell         V^°  dioxide  (indirect  influence  of  assimilation).* 
paper  w'         \-Ai^^  ^^  *  warm  summer  day  we  cut  off  half  the  leaf 
at  one  '  .^itfi  t®^  leaves  of  Alnus  glutinosa,  the  other  half  being 

R         *   ^Kxi  to  the  plant.     We  then  determine  the  tannin  in 
<iu  *"^^e^.  oi  the  separated  halves.     Next  moi*ning  the  other 

Q  ^\^  tested.    Loss  of  tannin  has  taken  place.     The  searching 

►'^.^tions  of  Kraus  (p.  9  of  his  cited  work)  teach  that  the 
•*  \\j  Joes  not  undergo  decomposition  in  the  leaves,  but  migrates 
**  ,/  them.     It  travels  along  the  leaf-nerves  into  the  stems  oi 
vL^'hes,  proceeds   by  the   cortex,  and   ultimately  is   deposited 
^^^xling  to  the  kind  of  plant  in  the  rhizomes,  the  wood,  or  else- 
^hore.     This  primary  tannin  formed  in  the  leaves  does  not  again 
^^iter    into    metabolism.     It   serves   particularly  to   protect  the 
pr^ans  in  which  it  is  deposited,  as  a  protection  against  being 
t«aten  by  animals,  and  against  decay. 

Besides  the  primary  tannins,  however,  there  are  the  so-called 
secondary  tannins,  which  in  many  plants  are  formed  in  darkness 
as  a  result  of  metabolic  processes.  If  we  test  seeds  of  Vicia  Faba 
we  find  them  to  be  devoid  of  tannin.     If  now  we  examine  seed- 

*  For  the  material  used  and  under  the  conditions  obtaining  in  our  experi- 
ment, this  is  certainly  correct.  Under  modified  conditions,  however,  the  result 
may  be  somewhat  different.  See  Biisgen,  Beobachtungen  uber  das  VerkaUen 
des  Oerbitotf'ei  in  den  PJlamen,  Jena,  1889,  p.  28. 
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'icia  grown  in  the  dark,  they  prove  to  be  very  rich  in 

^  'ed   to   stady  the  formation  and   subsequent  be- 

"^Ij.  >8   microchemically,   it   is  best   to  proceed    as 

^        '^  the  objects  under  the  air-pump  with  a  10 

-5^  "Potassium  bichromate,  let  them  die  in  it, 

^  %^          ^  ashing,  examine  them,  either  at  once  or 

"*^   'V        '  M.     By  this  means  we  readily  determine,* 

'^^     %    ^  ,  of  Vicia  Faba  grown  in  darkness,  secondary 

*"'  *  specially  large  quantities  in  the  epidermis  and 

.  tissue,  and   in  the   parenchyma  surrounding   the 

iiudles.     The  main  root  of  the  seedling  contains  much 

m   the  cortex ;  its  central  cylinder  is  almost   devoid   of 

.ain. 

Secondaiy  tannin  is  also  contained  in  the  stems  of  seedlings  of 
Phaseolus  multiflorus,  grown  in  the  dark.  It  occurs  in  special 
tubes  in  the  sieve  region  of  the. vascular  bundles.  The  radicle  of 
Phaseolns  does  not  contain  tannin ;  the  embryo  also  of  dormant 
Phaseolus  seeds  contains  no  tannin  at  all.  To  detect  the  tannin 
wo  employ  in  this  ease  likewise  a  solution  of  Potassium  bichrom- 
ate or  of  Ferric  chloride. 

We  cut  ofE  in  spring  twigs  of  Lonicera  tatarica,  and  put  them 
with  their  base  in  water.  The  buds  of  some  of  the  twigs  are 
allowed  to  unfold  in  the  dark,  those  of  others  in  the  light. 
Primary  tannin  can  only  be  detected  by  microchemical  means 
in  the  axis  of  the  young  shoots  which  have  developed  in  the  light 
(e.<7.  in  the  epidermis  and  cortical  parenchyma).  The  shoots 
produced  in  the  dark  are  devoid  of  tannins.  For  further  infor- 
mation, see  Biisgen's  treatise. 


^  See  Sanio,  Botan,  Zeitung^  1863,  p.  17. 

2  If  the  material  with  which  we  are  dealing  is  not  too  hard,  we  may  use  one 
of  the  80-called  Excelsior  mills,  to  be  obtained  at  a  price  of  30-40  mks.  from 
Grason  in  Magdebarg-Buckau.  For  grinding  woods,  etc.,  suitable  mills  are 
to  be  obtained  of  G.  Wendetoth  in  Cassel. 

^  For  further  particulars  see  Eraus,  Grundlinien  zu  einer  Phytiologie  de» 
Gerbttof^f  Leipzig,- 1889,  and  Berichte  ilher  die  VerhanJlungen  der  Commission 
zur  Feststellung  einer  einheitlichen  Methode  der  Gerhttoffshestimmungy  Fischer, 
Cassel,  1885. 

^  See  Biisgen,  Beobachtungen  i'tber  das  Verhallen  des  Gerbstoffes  in  den 
PJUmzen,  Jena,  1889. 
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their  sfcalks  dipping  into  spring  water  contained  io  small  glasses, 
and  these  are  then  put  into  a  glass  receptacle,  which  maj,  if 
necessary,  be  covered  with  a  sheet  of  glass.  Thas  arranged,  we 
expose  the  material  to  the  light  in  the  slight  shade  afforded,  e.g.^ 
by  birch  trees.  After  a  few  days  we  treat  these  halves  like  those 
already  dealt  with,  catting  out  pieces  with  the  help  of  oar 
templets,  from  exactly  corresponding  places  of  course,  and  de- 
termining the  dry  weight  of  these  pieces  and  the  amount  of 
tannin  they  contain.  Leaves  of  Quercns  and  Viburnum  may  be 
used  for  similar  experiments.  We  shall  find  that  our  leaves 
exposed  to  the  light  gain  in  dry  weight  and  in  tannin;  that  is 
not  the  case  if  the  leaves  are  kept  for  a  few  days  in  the  dark. 
Making  similar  experiments  with  leaves  of  Saxifraga,  with  the 
modification,  however,  that  the  leaves  are  exposed  to  the  light 
under  a  large  bell-glass  in  an  atmosphere  devoid  of  Carbon 
dioxide,  it  is  found  that  no  increase  in  the  quantity  of  tannia 
takes  place.  Wo  have  therefore  made  out  that  tannin  can  only 
be  produced  in  green  leaves  under  the  influence  of  light  and  in 
presence  of  Carbon  dioxide  (indirect  influence  of  assimilation).* 

In  the  evening  of  a  warm  summer  day  we  cut  off  half  the  leaf 
as  above  from  ten  leaves  of  Alnus  glutinosa,  the  other  half  being 
left  attached  to  the  plant.  We  then  determine  the  tannin  in 
150  sq.  cm.  of  the  separated  halves.  Next  moi*ning  the  other 
halves  are  tested.  Loss  of  tannin  has  taken  place.  The  searching 
investigations  of  Kraus  (p.  9  of  his  cited  work)  teach  that  the 
tannin  does  not  undergo  decomposition  in  the  leaves,  but  migrates 
out  of  them.  It  travels  along  the  leaf-nerves  into  the  stems  oi 
branches,  proceeds  by  the  cortex,  and  ultimately  is  deposited 
according  to  the  kind  of  plant  in  the  rhizomes,  the  wood,  or  else- 
where. This  primary  tannin  formed  in  the  leaves  does  not  again 
enter  into  metabolism.  It  serves  particularly  to  protect  the 
organs  in  which  it  is  deposited,  as  a  protection  against  being 
eaten  by  animals,  and  against  decay. 

Besides  the  primary  tannins,  however,  there  are  the  so-called 
secondary  tannins,  which  in  many  plants  are  formed  in  darkness 
as  a  result  of  metabolic  processes.  If  we  test  seeds  of  Vicia  Faba 
we  find  them  to  be  devoid  of  tannin.     If  now  we  examine  seed- 

*  For  the  material  used  and  under  the  conditions  obtaining  in  our  experi- 
ment, this  is  certainly  correct.  Under  modified  conditions,  however,  the  result 
may  be  somewhat  different.  See  Biisgen,  Beohachtungen  uber  das  VerhalUn 
des  Oerbitofes  in  den  PJlamen,  Jena,  1889,  p.  28. 
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liDgs  of  Vicia  grown  in  the  dark,  they  prove  to  be  very  rich  in 
tannins. 

If  it  is  desired  to  stady  the  formation  and  subsequent  be- 
haviour of  tannins  microchemically,  it  is  best  to  proceed  as 
follows : — We  inject  the  objects  under  the  air-pump  with  a  10 
per  cent,  solution  of  Potassium  bichromate,  let  them  die  in  it, 
and  then,  after  careful  washing,  examine  them,  either  at  once  or 
after  preserving  in  alcohol.  By  this  means  we  readily  determine,* 
e.g.^  that  in  seedlings  of  Vicia  Faba  grown  in  darkness,  secondary 
tannin  appears  in  specially  large  quantities  in  the  epidermis  and 
sub-epidermal  tissue,  and  in  the  parenchyma  surrounding  the 
vascular  bundles.  The  main  root  of  the  seedling  contains  much 
tannin  in  the  cortex;  its  central  cylinder  is  almost  devoid  of 
tannin. 

Secondaiy  tannin  is  also  contained  in  the  stems  of  seedlings  of 
Phaseolus  multiflorus,  grown  in  the  dark.  It  occurs  in  special 
tubes  in  the  sieve  region  of  the  vascular  bundles.  The  radicle  of 
Phaseolus  does  not  contain  tannin ;  the  embryo  also  of  dormant 
Phaseolus  seeds  contains  no  tannin  at  all.  To  detect  the  tannin 
wo  employ  in  this  case  likewise  a  solution  of  Potassium  bichrom- 
ate or  of  Ferric  chloride. 

We  cut  ofE  in  spring  twigs  of  Lonicera  tatarica,  and  put  them 
with  their  base  in  water.  The  buds  of  some  of  the  twigs  are 
allowed  to  unfold  in  the  dark,  those  of  others  in  the  light. 
Primary  tannin  can  only  be  detected  by  microchemical  means 
in  the  axis  of  the  young  shoots  which  have  developed  in  the  light 
{e.g.  in  the  epidermis  and  cortical  parenchyma).  The  shoots 
produced  in  the  dark  are  devoid  of  tannins.  For  further  infor- 
mation, see  Biisgen's  treatise. 


^  See  Sanio,  Botan.  Zeitung^  1863,  p.  17. 

^  If  the  material  with  which  we  are  dealing  is  Dot  too  hard,  we  may  use  one 
of  the  so-called  Excelsior  mills,  to  be  obtained  at  a  price  of  30-40  mks.  from 
Oruson  in  Magdeburg-Buckau.  For  grinding  woods,  etc.,  suitable  mills  are 
to  be  obtained  of  G.  Wenderoth  in  Cassel. 

3  For  further  particulars  see  Kraus,  Grundlinien  zu  einer  Physiologic  des 
Gerbstofg,  Leipzig,- 1889,  and  Berichte  iiber  die  VerhanJlungen  der  Commimon 
zur  Feststellung  einer  einheitlichen  Methode  der  Gcrbstoff'shestinimungt  Fischer, 
Cassel,  1885. 

*  See  Busgen,  Beohaehtungen  iiber  das  Verhatlen  des  Gerbsioffes  in  den 
PJlanzen,  Jena,  1889. 
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134.    Ethereal  Oils  and  Eesins. 

Ethereal  oils  in  manj  cases  are  certainly  not  to  bo  regarded  as 
excreta  bnt  as  secretions,  i.e.  as  bodies  with  definite  physiological 
functions  (to  attract  creatures  necessary  for  the  transference  of 
pollen,  to  keep  away  injurious  creatures,  etc.).  Similarly  many 
resins  must  be  considered  as  secretions.^ 

Ethereal  oils  are  frequently  present  in  intercellular  spaces.  If 
we  examine,  e.g.,  transverse  sections  from  the  stem  of  Rnta 
graveolen^,  taking  care  that  they  are  not  too  thin,  we  find  under 
the  epidermis  a  hypoderm  followed  by  green  parenchyma.  In 
this  last  occur  here  and  there  spaces  filled  with  a  yellowish 
highly  refringent  fluid  (ethereal  oil).  Intercellular  secretory 
spaces  filled  with  ethereal  oil  are  likewise  readily  made  out  in 
transverse  section  of  the  leaf  of  Citrus.  The  ethereal  oils  dissolve 
in  alcohol. 

Ethereal  oils,  however,  do  not  only  occur  in  intercellular  spaces, 
but  also  within  cells.  Secretory  reservoirs  of  this  kind,  and 
especially  those  relegated  by  de  Bary  to  the  category  of  "  short 
tubes,"  because  the  cells  in  question  are  nearly  isodiametric,  are 
found  in  Aristolochia  Sipho.  If  we  examine  transverse  sections 
from  stems  about  4  mm.  thick,  we  see  at  once  the  pith  and  the 
vascular  bundles  with  their  wood  and  bast.  Each  vascalar 
bundle  is  bounded  on  the  outside  by  cortical  parenchyma,  this 
being  followed  by  a  closed  ring  of  sclerenchyma,  ^which  projects 
inwards  somewhat  between  the  vascular  bundles.  Outside  this 
ring  of  sclerenchyma  comes  parenchyma,  then  collenchyma,  and 
finally  the  epidermis.  In  the  cortical  parenchyma  lying  ontside 
and  inside  the  ring  of  sclerenchyma,  we  now  observe,  both  m 
transverse  and  longitudinal  sections,  scattered  cells  with  yellowish 
highly  refringent  contents.  These  are  the  secretory  reservoirs 
with  which  we  are  concerned.  Toward  alkanna  tincture  and  Osmic 
acid  the  ethereal  oils  behave  like  fats.  If,  however,  without 
putting  on  a  cover-glass,  we  heat  the  sections  on  the  slide  for  ten 
minutes  in  the  drying  chamber  at  a  temperature  of  130°,  the 
ethereal  oils  disappear,  since  they  are  volatile. 

It  is  further  instructive  to  verify  the  fact  that  the  fruits  of 
many  Umbelliferee  are  rich  in  ethereal  oil,  occurring  here  in 
intercellular  spaces,  and  evidently  functioning  as  a  protection 
against  injurious  animals.  We  prepare,  e.g.,  transverse  sections 
through   the  laterally  compressed  fruit  of  Carum  Carvi.    Each 
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half  of  the  frait  is  filled  with  endosperm  in  the  midst  of  which  is 
the  embryo.  We  farther  see  the  five  main  ribs  of  each  mericarp. 
In  the  tissne  of  the  wall  of  the  fruit  we  perceive  the  vittas,  which 
are  intercellular  spaces,  filled  with  ethereal  oil. 

To  observe  resin  passages  we  may  examine  very  delicate  trans- 
verse sections  of  the  needles  of  Pinus  sylvestris.  The  epidermis, 
whose  cells  are  very  strongly  thickened,  is  followed  by  a  layer  of 
hypoderm  cells.  At  the  two  angles  of  the  leaf  this  layer  is  more 
strongly  developed.  The  resin  passages  (quite  a  number  of  them 
are  always  present)  lie  in  the  green  tissue.  Each  resin  passage  is 
lined  by  a  layer  of  thin- walled  cells,  the  epithelium,  which  with- 
out doubt  yield  the  material  from  which  the  secretion  is  formed, 
and  furthermore,  each  resin  passage  is  surrounded  by  a  layer  of 
strongly  thickened  sclerenchyma  fibres.  We  see  also  the  green 
tissne  of  the  leaf,  and  the  tissue,  almost  devoid  of  chlorophyll,  in  the 
middle  of  the  leaf,  which  is  separated  from  the  green  tissue  by  an 
endodermis.  The  nearly  colourless  ground  tissue  of  the  middle 
of  the  leaf  is  seen  to  be  made  up  of  thick-walled  and  thin-walled 
elements,  and  encloses  two  vascular  bundles.  The  leaf  of  Pinus 
Pinaster  is  similar  in  construction  to  that  of  P.  sylvestris.  Its 
leaves  are  better  for  section-cutting  than  those  of  P.  sylvestris, 
and  if  they  are  available  we  give  them  the  preference  for  this 
reason.  It  is  also  very  easy  to  make  out  the  presence  of  resin 
passages  in  the  stems  of  many  Umbel lif eras.  We  examine,  e.g., 
under  a  low  power,  transverse  sections  from  the  flower  stalk  of 
FcBniculum  officinale.  The  epidermis,  the  cortex,  the  bast  and 
wood  of  the  vascular  bundles,  and  the  pith  are  clearly  seen.  The 
resin  passages  are  situated  in  front  of  the  vascular  bundles.  They 
iie  in  the  cortex  between  the  fibro- vascular  strands  and  a  tissue 
which  we  at  once  recognise  as  collenchyma. 


'  See  de  Yries,  LandwirthschL  Jahrbiicher,  Bd.  10. 

135.    Colonring  Matters. 

Many  plant  structures  contain  pigments  of  very  different  kinds. 
In  the  first  place  it  must  be  emphasised  that  these  pigments  are 
•of  no  slight  physiological  interest,  from  the  mere  fact  that  many 
of  them  indicate  directly  the  reaction  of  the  cells  in  which  they 
are  found.  In  the  cell-sap  of  the  hairs  on  the  leaf-stalk  of  many 
JBegonias  are  dissolved  red  pigments,  whence  we  conclude  that  the 
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reaction  of  the  cell-sap  is  acid.  If  a  hair  is  treated  on  a  slide 
with  very  dilute  potash  solution,  the  colour  of  the  pigment  is  in 
fact  changed  to  blue ;  on  the  addition  of  acid  the  red  colour  again 
appears.  In  the  cell-sap  of  the  cells  of  Myosotis  petals  a  blue 
pigment  is  dissolved.  The  reaction  of  the  sap  is  in  this  case 
faintly  alkaline.     Addition  of  acid  causes  a  change  to  red. 

If  we  examine  under  the  microscope  the  hairs  of  the  filaments 
of  Tradescantia  stamens,  we  can  readily  make  out  that  a  violet 
pigment  is  dissolved  in  the  cell-sap  of  their  cells.  With  the 
forceps  we  tear  a  strip  of  epidermis  from  the  petal  of  a  Yinca 
and  of  a  red  rose.  In  both  cases  the  cells  are  seen  nnder  the 
microscope  to  contain  dissolved  pigments.  In  one  case,  however, 
the  pigment  is  blue,  in  the  other  rose-coloured.  The  blue,  violet, 
or  red  pigments  dissolved  in  the  cell-sap  are  classed  as  anthocyan. 

Many  pigments  occur  in  the  cells  not  in  solution,  but  associated 
with  a  matrix.     The  colour  corpuscles  (chromatophoi'es)  impreg- 
nated with  pigment  are  for  the  most  part  of  characteristic  form, 
and  wo  first   select  for  examination  not  too  ripe  but  still  well- 
coloured  hips.     We  prepare  sections  from  the  flesh  of  the  hypan- 
thium.      The    cells    contain,    besides    protoplasm    and    nucleus^ 
pointed  orange-coloured  spindles  or  similarly  coloured  triangular 
bodies  which  are  the  chi'omatophores.     The  orange-red  colour  of 
tlie  roots  of  carrot  plants  (Daucus  carota)  is  due  to  the  presence 
in  the  cells  of  chromatophores,  which  are  easily  made  out  under 
the  microscope  as  rectangular  plates  or  elongated  prisms.     We 
further  prepare  tangential  sections  from  the  upper  side  of  the 
sepals  of  a  just  opened  flower  of  Tropaeolum  majus.     In  the  cells, 
especially  the  epidermal  cells,  are  revealed,  on  microscopic  ex- 
amination, many  angular  chromatophores,  yellow  in  colour  (see 
Fig.  115).     The  brown  streaks  on  the  upper  side  of  the  sepals  of 
Tropoeolum  are  due  to  the  fact  that  the  corresponding  cells  of  the 
epidermis  contain  a  carmine-coloured  cell-sap,  as  is  readily  provecl 
by  study  of  suitable  sections.     The  yellow  pigments  of  plants  are 
almost  without  exception  associated  with  a  protoplasmic  matrix. 
Only  rarely  do  we  meet   with   them  dissolved  in   the  cell-sap. 
This  is  the  case,  however,  in  the  epidermal  cells  of  the  petals  of 
Verbascum  nigrum.'     The  pigment  of  most  yellow  flowers  is  not 
soluble  in  water,  but   dissolves  in   alcohol.      By  means   of  this 
solvent,  c.gr.,  it  can  readily  be  extracted   from   the  petals  of  a 
yellow-flowered  Ranunculus.     The  pigments  of  most  red  flowers 
on  the  other  hand  are  soluble  in  water,  and  if  the  petals,  e.ry.,  of 
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a  red  rose  or  peony  are  macerated  with  a  little  water  in  a  mortar, 
the  solution  obtained  on  filterincr  is  red  in  colour,  and  according  to 
my  observations  (I  experimented  with  Paeonia)  becomes  blae  on 
addition  of  ammonia.  Addition  of  Hydrochloric  acid  restores  the 
red  colour  of  the  fluid.  It  may  also  be  of  interest  to  examine 
the  extracts  from  yellow  or  redj  flowers  spectroscopically.^  For 
this  purpose  the  methods  given  in  7  are  to  be  employed. 

It  is  also  instructive  to  observe  the  pigments  contained  in  the 
heart- wood  of  many  trees.  We  examine,  for  example,  a  transverse 
section  of  red  sandal  wood  (the  wood  of  Pterocarpus  santalinus). 


Fio.  116.— From  the  upper  Bide  of  the  c&lyx  of  Tropseolutn  zn&jus.     Lower  wall  of  an 
epidermal  cell  with  the  adjacent  chromatophores.    "^tign^  540.    (After  Slra8bur(?er.) 

The  wide  vessels  rest  against  the  bands  of  wood  parenchyma, 
which  run  parallel  with  the  annual  rings.  We  further  see  the 
numerous  medullary  rays,  whose  cells  contain  a  resinous  dark 
red  mass,  and  the  wood  fibres  with  strongly  thickened  walls.  All 
the  elements  of  the  wood  have  pigments  in  their  membranes 
consisting  specially  of  the  red  Santalic  acid.  Distilled  water 
only  extracts  traces  of  pigment  from  sandal  wood,  but  with 
ammonia  we  easily  obtain  a  carmine  red  extract. 

The  elements  of  Brazil  wood  (Ceesalpinia  echinata)  hold  in  their 
membranes  a  yellowish  pigment,  brasilin.  If  we  treat  Brazil 
wood  with  hot  water,  a  fair  amount  of  this  pigment  goes  into 
solution,  and  the  fluid  takes  on  a  blood-red  coloration  on  addition 
of  ammonia  or  potash.^ 
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^  On  Bome  of  the  points  here  referred  to  see  Strasburger's  Practical  Botany. 

'  See  Hansen,  Verhandlungen  der  Phyiicalisch-mediciniscJun  GeaeUsehaft  za 
Wiirzhurg,  Neue  Folge,  Bd.  18,  No.  7. 

'^  Bespecting  the  anatomical  straoture  of  Brazil  wood,  see  Wiesner,  Rohttofe 
des  Pfianzenreichetj  1873,  p.  656. 


136.    Micro-chemical  Tests  for  Alkaloids  and  Some  Other 

Substances. 

It  is  well  known  that  in  the  tissues  of  the  most  different  plants 
there  are  present  alkaloids,  glneosides,  or  other  substances,  re- 
garding the  physiological  significance  of  which  little  is  up  to  the 
present  known.  Many  of  these  bodies,  there  is  no  doubt,  serve 
as  a  means  of  protection  against  injurious  animals ;  others  also 
{e.g,  glucosides),  under  particular  conditions,  may  decompose  and 
yield  plastic  material  (sugar)  ;  but  all  these  relations  have  as  yet 
been  but  little  studied.  Similarly,  the  micro-chemical  reactions 
which  have  been  employed  for  the  detection  of  at  leafit  some 
alkaloids  and  glucosides  in  plant  tissues,  are  still  in  some  cases 
rather  uncertain,  as  I  have  frequently  found.  Nevertheless,  a 
few  reactions  may  here  be  mentioned,  and  we  shall  find  that  the 
substances  in  question  are  at  least  frequently  collected  especially 
in  the  peripheral  tissues  of  the  organs  or  in  the  neighbourhood  of 
the  vascular  bundles,  as  might  be  expected  if  they  function  as  a 
means  of  protection  against  animals.^ 

If  we  examine  a  thin  section  from  the  horny  endosperm  of  the- 
seed  of  Strychnos  nux  vomica,  the  cells  are  at  once  seen  to  be 
rather  thick- walled.  Their  contents  are  proteids,  sugar,  and  fattv 
oil.  If  thin  sections  from  the  dry  seeds  are  mounted  in  a  drop  of 
concentrated  Sulphuric  acid,  the  cell  contents  in  the  conrse  of  a 
few  minutes  take  on  a  reddish  colour.  We  now  add  to  the 
section  lying  in  Sulphuric  acid  a  fragment  of  Potassium  chroniate, 
cover  with  a  cover-glass,  and  observe  under  the  microscope.  The 
cell  contents,  especially  those  of  the  endosperm  cells  immediately 
below  the  testa,  rapidly  take  on  a  beautiful  violet  coloration, 
while  the  cell- walls  remain  uncoloured  (strychnine  reaction).^ 

In  transverse  sections  fix)m  the  stem  or  branches  of  Berberi.s- 
vulgaris  (we  may,  e.//.,  use  pieces  from  twigs  about  6  mm.  thick) 
we  easily  distinguish  the  cortex^  and  the  vascular  bundles.  Id 
the  cortex,  the  soft  bast,  and  the  phloem  rays,  appear  many  cells 
with  yellow  contents,  the  colour  being  due  to  the  presence  of 
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berbsrin.     Berberin  is  also  found  in  the  peripheral  part  df  the 
wood  (viz.,  as  a  deposit  in  the  membranes). 

On  treating  the  sections  with  alcohol  and  very  dilute  Nitric 
acid  (1  part  of  Nitric  acid  to  50  parts  of  water),  the  yellow  colour 
disappears  from  the  berberin-contaiuing  elements.  The  presence, 
however,  of  large  quantities  of  berberin  now  causes  the  separation 
of  yellow  crystals  of  Berberic  nitrate. 

We  prepare  delicate  transverse  or  longitudinal  sections  from  a 
corm  of  Colchicum  autumnale.  In  the  immediate  neighbourhood 
of  the  vascular  bundles  we  observe  cells  which  contain  a  strongly 
refringent  yellowish  fluid,  while  the  main  mass  of  the  parenchyma 
is  very  rich  in  starch.  These  yellow  cells  contain  colchicin.  On 
treating  the  sections  with  ammonia,  their  contents  take  on  an 
intensely  yellow  coloration.  The  roots  of  Colchicum  contain 
colchicin  in  the  epidermis  and  the  protective  sheath. 

In  the  stem  of  Aconitum  Napellus,  aconitin  is  found  in  the 
vascular  bundle  sheath  and  in  the  parenchyma  in  its  neighbour- 
hood. Aconitin  gives  with  iodised  Potassium  iodide  solution  a 
brownish-red  precipitate  ;  and  with  Sulphuric  acid  diluted  with 
i-^  its  volume  of  water,  especially  if  the  preparations  have 
previously  been  treated  with  cane-sugar  solution,  it  gives  a 
carmine  red  coloration  (Errera). 

If  transverse  sections  from  twigs,  about  3  mm.  thick,  of  Syringa 
vulgaris  are  mounted  in  dilute  Sulphuric  acid  (1  part  by  volume 
of  concentrated  Sulphuric  acid  and  2  parts  by  volume  of 
water),  the  membranes  of  the  wood  elements,  of  the  medullary 
rays  in  the  wood,  and  of  the  bast  fibres  colour  yellowish  green, 
and  later  bluish  green.  All  the  other  cells  remain  uncoloured. 
The  reaction  in  question  is  caused  by  the  presence  of  syringin. 
This  substance  is  deposited  in  the  membranes.  Sometimes,  also, 
the  contents  of  the  cells  of  the  cortex  take  on  a  bluish  colour 
when  sections  of  Syringa  are  treated  with  Sulphuric  acid  ;  but 
this  is  merely  due  to  some  of  the  syringin  having  diffused  into 
these  cells  in  the  course  of  the  reaction. 

We  prepare  transverse  sections  from  twigs  of  Rhamnus 
Frangula,  about  3  mm.  in  diameter,  and  treat  them  on  the  slide 
with  an  alcoholic  solution  of  Potassium  hydrate.  Various  ele- 
ments of  the  sections,  especially  the  thin-walled  elements  of  the 
bast,  become  intensely  red  in  colour,  the  coloration  being,  how- 
ever, not  very  stable  (frangulin  reaction). 

In  transverse  sections  from  the  root  of  Rumex  crispus,  we  shall 
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easily  distinguish  the  cork,  the  cortex,  and  the  bast  and  ivood  of 
the  vascular  bundles.  In  the  somewhat  older  parts  of  the  ixwi 
the  wood  forms  a  closed  cylinder  traversed  by  medullary  rays. 
If  the  sections  are  treated  with  dilute  potash  solution,  the  contents 
of  the  thin- walled  elements  of  the  cortex  and  phloem  take  on  an 
intensely  red  colour,  which  is  very  stable  (Chrysophanic  acid 
reaction.)* 


^  See  Errera,  Botan,  Centralblatt,  Bd.  32,  p.  71. 

^  BosoU,  Sitzungsber.  d.  Akadem.  d.  TKi««.  zu  Wien,  Abthl.  1,  Bd.  89. 

3  An  exact  account  of  the  structure  of  the  Berberis  stem,  and  especially  of 
its  cortex,  will  be  found  in  a  Eonigsberg  Dissertation  by  Bdning,  of  the  year 
1885,  Ueber  die  Anatomie  des  Stammes  der  Berberitze. 

*  See  Borskow,  Botan.  Zeitung^  1874,  and  O.  Herrmann,  Leipziger  Disserta- 
tion, 1876. 


137.    The  Bye  Prodncts  of  Plant  Hetabolism  as  Means  of 

Protection  to  Plants. 

Many  creatures,  particularly  mammals,  insects,  and  snails, 
would  be  exceedingly  prejudicial  to  the  life  of  plants,  if  these 
were  not  more  or  less  protected.  The  means  of  protection  are 
partly  mechanical,  partly  chemical,  and  we  often  find,  though  cer- 
tainly not  always,  that  plants  which  are  protected  mechanically, 
do  not  produce  any  so-called  chemical  means  of  protection,  and 
vice  versa. 

Many  bye  products  of  plant  metabolism,  as  has  already  been 
pointed  out  several  times,  have  especially  the  object,  among  other 
things,  of  providing  the  plant  with  a  chemical  protection  against 
animals,  and  we  will  here,  with  StahUs  researches^  as  a  basis, 
undertake  a  few  experiments  by  means  of  which  this  fact  can 
easily  be  proved.  Our  object  is  to  show  that  tannins,  vegetable 
acids,  ethereal  oils,  etc.,  afford  the  plant  protection  from  snails. 

We  collect  a  number  of  snails,  e.g.  Helix  pomatia  and  H. 
hortensis.  For  two  to  three  days  the  snails  are  not  supplied  with 
food,  so  that  when  the  experiments  proper  begin  they  may  be 
very  hungry.  They  are  now  placed  in  good-sized  crystallising 
glasses,  two  or  three  in  each  if  Helix  pomatia  is  used,  larger 
numbers  if  smaller  kinds  of  snails  are  used,  and  the  glasses  are 
then  covered  with  glass  plates,  which  are  weighted,  so  as  to 
prevent  the  snails  from  creeping  out.  The  snails  are  now  sap- 
plied  with  various  kinds  of  foods.     We  will  experiment  with  the 
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following  kinds  of  leases  :  Trifolium  pra tense  (tannin-containing), 
Rumex,   Oxalis   (acid),   Rnta  graveolens    (rich   in  ethereal  oil), 
Rannncalas  acris,  and  Trops^olnm  majas.     In  each  crystallising 
glass  are  placed  with  the  snails  one  or  two  fresh  leaves,  bat  at 
the  same  time  we  supply  leaves  from  which  the  chemical  protec- 
tive material  has  been  extracted  by  warming  with  alcohol,  and 
then  drying  in  the  sun  or  drying  chamber,  and  finally  washing 
with  distilled  water.     Since  the  snails  feed  chiefly  in  the  evening 
and  at  night,  it  is  always  advisable  to  pnt  the  glasses  with  their 
contents  aside  for  a  good  time.     The  fresh  leaves  are  not  at  all 
or  only  little  attacked  by  the  snails ;  they  rapidly  destroy  the 
extracted  leaves.    The  following  experiment  also  definitely  teaches 
that,  e.g.,  tannins  and  vegetable  acids  mast  afford  plants  an  excel- 
lent means  of  protection  against  snails.     We  supply  the  snails  in 
the  crystallising  glasses  with  thin  slices  of  carrot  (Daucus  carota), 
and  at  the  same  time  with  slices  which  have  been  killed  by  boiling 
water,  dried  in  the  oven,    and   finally  soaked  in  a  1  per  cent, 
.solution  of  tannin,   or  a  1  per  cent,  solution  of  acid  Potassium 
oxalate.     The  fresh  pieces  of  carrot  are  very  readily  eaten  by  the 
snails ;   the  slices  impregnated  with  tannin  or  acid  they  reject 
entirely. 

We  must  not  fail  to  make  the  following  experiments  in  order 
to  acquaint  ourselves  with  the  action  of  mechanical  protectives. 
We  supply  a  few  snails  in  crystallising  glasses  with  uninjured 
leaves  of  Symphytum  officinale  or  Boraya  officinalis.  At  the  same 
time  they  are  supplied  with  leaves  of  these  plants  which  have 
been  deprived  by  means  of  a  sharp  knife  of  the  rough  pointed 
hairs  covering  their  surface.  The  latter  leaves  are  readily  eaten 
by  the  snails ;  they  hardly  attack  the  uninjured  leaves  at  all. 

Leaves  of  Arum  macnlatum  are  not  eaten  by  even  very  hungry 
snails.  The  leaves  are  mechanically  protected  by  raphides,  which 
at  once  pierce  the  mouth  organs  of  the  snails  w^hen  they  gnaw  the 
leaves,  and  so  produce  a  highly  unpleasant  sensation.  If  we  chew 
small  fragments  of  Arum  leaf,  we  perceive  an  intense  burning 
taste,  which  is  dae  to  the  raphides.  Expressed  unfiltered  Arum 
juice  produces  the  same  sensation  when  placed  on  the  tongue, 
while  the  sap  freed  from  the  raphides  by  filtration  has  only  a 
sweetish  taste. 


'  See  Stahl,  Pflanzen  und  Schnecken,  Jena,  1888. 
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V.     TRANSLOCATION  OF  PLASTIC  SUBSTANCES. IX 

PLANTS. 

138.    Experiments  with  GtorminatiDg  Pollen^Grains. 

The  observations  and  experiments  which  we  have  made  on  the 
behaviour  of  nitrogenous  and  non-nitrogenous  substances  in  plantR 
have  already  made  us  acquainted  with  a  large  and  varied  itingo 
of  facts  bearing  on  the  migi^ation  of  substances  in  the  vegetable 
organism.  We  will  now  proceed  to  treat  the  subject  of  translo- 
cation more  fully.     We  first  select  for  examination  pollen  grains. 

We  first  prepare  a  small  moist  chamber,  by  cutting  a  frame 
out  of  not  too  thick  cardboard,   making  the  hole  in  the  middle 
somewhat  smaller  than  the  cover-glass  to  be  employed.      After 
being  thoroughly  soaked  in  water,  this  frame  is  laid  on  a  slide. 
We  now  place  on  the  cover-glass  a  drop  of  the  fluid  in  which  the 
pollen  grains  are  to  be  germinated,  add  the  pollen,  taken  from 
ripe  anthers,  and  then  with  a  rapid  movement  reverse  the  cover- 
glass.      It  is  laid  on  the  cardboard  fi'ame  with  the  drop  down- 
wards, and  the  germination  of  the  pollen  grains  can  now  proceed 
in  the  hanging  drop.     We  have  only  to  take  care  that  the  cham- 
ber is  kept  well  supplied  with  water. 

The  pollen  grains  of  Alliums,  of  Tulipa  Gesneriana,  and  of 
Narcissus  poeticus  germinate  very  readily,  according  to  Stras- 
burger,  when  they  are  laid  in  a  3  per  cent,  solution  of  cane-sugar 
in  spring  water,  and  I  have  myself  obtained  very  beautiful  results 
with  the  pollen  of  Allium  Victoriale.  I  transferred  some  pollen 
grains  to  a  hanging  drop  of  spring  water,  and  others  to  a  3  per 
cent,  solution  of  sugar.  At  a  temperature  of  18°  C,  or  19°  C, 
and  in  darkness,  a  development  of  pollen  tubes  was  already 
observable  in  the  course  of  two  hours,  and  two  hours  later  the 
pollen  tubes  had  grown  considerably.  In  the  sugar  solution  a 
larger  number  of  pollen  grains  germinated,  and  longer  pollen 
tubes  were  formed  than  in  the  spring  water.  That  the  germina- 
tion of  the  pollen  grains  must  be  associated  with  a  transference 
of  material  is  at  once  apparent,  since,  in  the  development  of  the 
pollen  tubes  protoplasm  of  course  and  reserve  substances  pass 
over  from  the  pollen  grains  into  the  pollen  tubes.  Since  the 
formation  of  pollen  tubes  takes  place  better  in  the  solution  of 
sugar  than  in  water,  it  is  probable  that  sugar  absorbed  from  out- 
side can  be  utilised  as  food  by  germinating  pollen  grains. 
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139.    Experiments  with  Leaves. 

The  starch  formed  in  the  leaves  by  assimilation  is  only  em- 
ployed to  a  very  small  extent  for  the  development  of  the  leaf 
itself.  The  balk  of  tbe  starch  leaves  the  leaf;  it  travels  thenco 
into  other  organs  of  the  plant,  in  order  to  render  possible  their 
development.  The  starch  in  many  cases  undoubtedly  passes  into 
solution  as  glucose,  which  is  formed  by  the  action  on  the  starch 
of  diastatic  ferments  present  in  the  leaves  (see  112). 

Leaves  of  Tropceolum,  Solanum  or  Cucurbita  are  cut  off  in  the 
evening  of  a  warm  summer  day.  We  boil  them  with  water,  treat 
with  alcohol  in  order  to  remove  the  chlorophyll,  and  lay  a  few 
of  them  in  Iodine  solution  (see  14)  to  prove  the  presence  of  large 
quantities  of  starch  in  their  cells.  The  rest  of  the  leaves  after 
treatment  with  alcohol  are  washed  with  water  and  left  for  a  few 
hours  in  a  freshly  prepared  extract  of  malt  at  a  temperature  of 
45°  C.  If  we  now  lay  the  leaves  in  Iodine  solution,  they  give  no 
starch  reaction,  or  at  most  only  a  weak  one,  from  which  it  follows 
that  diastase  can  bring  about  the  solution  of  the  starch  developed 
by  assimilation  in  the  cells  of  the  leaf.  This  process  of  solution 
often  goes  on  with  quite  remarkable  rapidity. 

We  cut  in  the  evening  of  a  very  warm  summer  day  in  June  or 
July  a  few  leaves  of  very  vigorous  plants  of  Solanum,  Nicotiana, 
Atropa,  Cucurbita,  or  Phased  us,  growing  in  the  open,  and  at  once 
examine  them  macroscopically  for  starch  by  the  method  described 
in  14.  They  are  found  to  be  y^ry  rich  in  starch.  If  the  next 
morning  at  sunrise  we  again  remove  a  few  leaves  from  the  plants, 
and  test  them,  we  tind  no  starch  in  their  cells  if  the  night  was 
warm;  it  has  been  dissolved  during  the  night,  and  has  ti'avelled 
from  the  leaves  into  other  organs. 

The  following  investigation  which  I  made  with  vigorous  pot 
plants  of  Tropaeolum  majus  is  very  instructive.  We  first  make 
sure  by  macroscopic  tests  that  the  leaves  of  the  plants  contain 
large  quantities  of  starch.  A  few  leaves  are  cut  off,  placed  under 
a  bell-glass  on  a  moist  surface,  and  screened  from  the  light.  The 
plants  themselves  are  then  likewise  placed  in  the  dark.  After 
some  time  (in  my  investigations,  which  were  made  at  a  tempera- 
ture of  only  12°-15°  C,  at  the  end  of  five  days)  we  test  macro- 
scopically for  starch  in  the  cut  leaves,  and  also  in  leaves  which 
were  not  separated  from  the  parent  plant.  The  latter  contain 
starch  only  in  the  nerves,  while  the  cut  ones  are  still  more  or  less 
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ixch  in  starch.  These  last  could  not  get  rid  o£  their  carbohydraUi 
in  darkness,  being,  nnlike  those  left  on  the  plant,  anconnecUd 
with  other  organs. 

If  we  apply  macroscopic  tests  to  leaves  of  Impatiens  parviflori 
(this  plant  often  grows  wild  with  ns,  or  it  may  easily  be  d^ 
veloped  in  a  aomewhat  shady  place  in  the  garden,  from  seed),  *» 
shall  find  starch  in  large  quantities  in  plants  which  have  been 
exposed  to  normal  conditions  of  environment.  .  It  appears,  how- 
ever  (as  I  have  satisfied  myself),  that  the  nerves  are  poor  in 
starch,  as  compared  with  the  mcsophyll,  and  they  consetinenllj 
assnme  with  Iodine  solution  a  yellow  or  only  faintly  blnish  colonr. 
If  plants  of  Impatiens  aro  grown  in  pots,  and  a  few  leaves  cnt 
from  them  are  placed  in  darkness,  we  shall  find  that  the  leave* 
left  on  the  plants,  and  those  removed,  are  alike  devoid  of  fit«n:li 
after  forty-eight  or  seventy-two  honrs.  In  this  respect,  there- 
fore, leaves  of  Impatiens  removed  from  the  parent  plant,  and 
kept  in  darkness,  behave  differently  from  leaves  of  Tropffiolnm 
aitnilarly  treated.  The  glncose,  which  is  the  product  of  solntiou 
of  the  starch,  and  which  passes  away  from  leaves  left  on  the  plsnl, 
can  bo  reconverted  by  the  Tropojolum  leaves  into  starch.  Leave* 
of  Impatiens  are  at  most  to  a  small  extent  capable  of  effecting 
this  reconversion. 

We  now  preparo  a  transverse  section  from  the  leaf  of  Impatiens 
parviflora,  and  at  once  see  that  the  mcsophyll  is  differentiated 
into  palisade  and  spongy  pai-enchyma.  The  midrib  consists,  SB 
nsnally  in  leaves,  of  a  peripheral  layer  of  elongated  cells  poor  in 
chlorophyll,  and  several  vascular  bandies  the  bast  of  which  is 
covered  by  a  stai-ch  layer.  The  layei'  of  elongated  cells  which 
(incloses  the  vascular  bundles  of  the  thicker  and  also  those  of  the 
thinner  nerves  we  may  appropriately  designate  the  conducting 
sheath. 

It  has  already  been  mentioned  that  the  nerves,  especially  the 

thicker  nerves,  of  the  leaves  of  Impatiens  developed  under  normal 

conditions  of  rnvironment  are,  at  all  events,  poor  in  starch.     If 

p<it   plants  III    Impatiens  are  placed  in  the  dark  for  twenty-foar 

lioiu-.>^,  and  ii  I'^.'w  leaves  are  then  cat  off  and  tested  niacroscopically 

for  stni-ch.  tlu*  scarcity  of  starch  in  the  nerves  is  still  more  clearly 

*"  '  t  out.     The  nerves  stand  out  as  a  yellow  network  in  the 

4  nieaophyll,  which  is  still  fairly  rich  in  amylum.     We 

rknesB  for  forty-eight  hours  pot  plants  of  Impatiens, 

ves  cut  from  these  plants  and  placed  in  air  rich  in 
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aqaeous  vapour  nnder  a  bell-glass.  All  th6  leaves  become  almost 
or  completely  devoid  of  staix'h.  Microchemical  tests  for  glucose 
(for  method  see  115)  show,  as  I  have  convinced  myself,  that  in 
the  cells  of  the  conducting  sheath  of  the  removed  leaves  much 
SDgar  is  present,  while  the  corresponding  cells  of  the  leaves  not 
cut  oft  contain  but  little  sugar. 

We  come  to  the  conclusion  that  the  conducting  aheath  of  the 
nerves  is  to  be  regarded  as  the  tissue  which  effects  the  removal 
from  the  leaves  to  other  organs  of  the  products  of  assimilation. 
In  many  plants,  e.g,  Tropeeolum,  the  product  of  solution  formed 
fi*om  the  starch,  especially  in  the  cells  of  the  conducting  sheath, 
can  easily  be  converted  transitorily  into  starch.  In  other  plants, 
e.g,  Impatiens,  this  is  either  not  possible  or  only  possible  to  a 
limited  extent.^ 


*  Literatare:  Sachs,  Arbeiten  des  botanisches  Institutt  in  Wiirzhunj,  Bd.  3, 
Heft  1  (very  important).    Schimper,  Botan,  ZeiUinfj,  1885,  No.  47-49. 


140.    Experiments  with  Branches. 

If  in  autumn,  just  after  the  fall  of  the  leaves  has  begun,  we 
test  for  starch  in  branches  or  trunks  of  our  trees  several  years  old 
(using  the  method  indicated  in  110),  we  find  it  present  in  the 
tissues  in  large  quantities,  especially  in  the  medullary  rays,  and 
in  the  pai'enchyma  of  the  wood  and  cortex.  In  Quercus  and 
Betula,  etc.,  the  pith  also  contains  much  starch ;  in  other  cases 
(e.g.  in  Corylus)  the  pith  is  devoid  of  starch.*  The  condition 
of  the  trees  or  shrubs  after  the  fall  of  the  leaves  we  may  designate 
as  that  of  autumnal  starch  maximum.  The  tissues  of  their  stems 
are  then  stocked  with  very  copious  quantities  of  reserve  materials 
which  the  leaves  have  produced.  In  many  trees,  however,  certain 
elements  of  the  wood  and  cortex  contain  in  autumn  (and  also  in 
summer)  glucose  as  well  as  starch,  a  fact  which  is  of  especial 
importance.  To  detect  the  glucose  we  use  A.  Fischer's  method. 
Pieces  of  branches  are  split  along  the  middle,  laid  for  five  minutes 
in  a  concentrated  solution  of  Copper  sulphate,  washed  with  water, 
and  then  put  for  two  or  three  minutes  in  a  boiling  solution  of 
Sodium  Potassium  tartrate  in  soda  lye.  The  necessary  sections 
are  now  readily  prepared.  In  the  glucose-containing  elements  a 
precipitate  of   Cuprous  oxide  has   formed.     Generally  it  is   not 
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necessary  to  clear  the  section 9  ;  they  may,  however,  be  cleared 
if  requisite  by  glycerine. 

If  we  examine  in  this  way  branches  several  years  old  of  Alnus, 
Betnla,  Acer,  Syringa,  etc.,  in  summer,  we  find  large  quantities  of 
sugar  in  the  vessels.  The  wood  fibres  and  the  living  wood 
elements  (the  parenchymatous  cells  of  the  wood  and  medullary 
rays)  are  for  the  most  part  free  from  glucose.  In  the  vessels  of 
the  thicker  leaf  nerves  likewise  no  glucose  is  present,  bnt  it  is 
present  in  the  parenchyma  surrounding  the  nerves,  and  acting  as 
conducting  sheath.  At  the  time  of  the  autumnal  starch  raaxi- 
mum  the  distribution  of  the  glucose  is  nearly  the  same  as  in  the 
summer- 
When  the  fall  of  the  leaves  has  set  in  and  the  autumnal  starch 
maximum  has  come  about,  solution  of  the  starch  in  the  stems  and 
branches  of  our  trees  and  shrubs  at  once  begins.  This  gives  rise 
to  the  winter  starch  minimum,  which  may  be  complete,  say,  in 
December,  and  lasts  till  about  the  beginning  of  March.  In  man? 
cases  (Salix,  Quercus,  Corylus,  Syringa)  the  wood,  at  the  time  of 
the  winter  starch  minimum,  still  contains  much  starch,  while  the 
starch  has  disappeared  from  the  cortical  tissue,  and  probably  has 
migrated  into  "the  deeply  lying  parts  mainly  in  the  form  of 
glucose,  which  moreover  in  winter,  as  in  summer,  is  present  in 
the  cortex  (starchy  trees).  If,  on  the  other  hand,  we  examine 
branches  of  Tilia  or  Betula  in  January,  we  find  starch  neither  in 
the  wood  nor  in  the  cortex  (fatty  trees).  It  has  been  transformed 
into  fat,  which  can  easily  be  detected  in  the  tissues  on  treating  the 
sections  with  alkanet  tincture  (see  121). 

In  Tilia,  e.g.,  the  medullary  rays  and  inner  cortical  tissues 
in  particular  are  fatty  in  winter,  while  in  autumn-  they  contain 
much  starch.  In  the  pith  of  Tilia  glucose  is  abundantly  present 
in  the  winter,  besides  fat,  while  particularly  the  peripheral  part 
of  the  pith  contains  in  the  autumn  much  starch. 

We  now  continue  our  experiments  by  testing  branches  of 
Corylus  and  Tilia,  in  April,  for  starch.  We  again  find  starch 
both  in  the  wood  and  in  the  cortex.  This  has  clearly  been  re* 
generated  from  fat  and  glucose.  The  process  of  reconversion 
■commences  at  the  beginning  of  March  (in  fatty  trees  at  first  in 
the  cortex)  ;  it  continues  till  about  the  end  of  April.  At  this  time 
the  spring  starch  maximum  is  attained. 

When  the  leaves  begin  to  unfold,  the  starch  again  passes  into 
fiolution,  Und  in  this  way  is  brought  about  the  starch  minimum  of 


METABOLIC   PROCESSES   IN   THE  PLANT.  '351 

the  later  spring.  The  solution  begins  in  the  young  branches, 
so  that  these  rapidlj  (perhaps  in  the  course  of  fourteen  days) 
become  free  from  starch  both  in  the  cortex  and  wood  ;  later  it  is 
exhibited  in  the  older  branches  also.  A  good  object  for  investi- 
gation is  Betula. 

When  the  leaves  have  at  last  completely  unfolded,  so  that  large 
quantities  of  carbohydrates  are  produced,  these  gradually  travel 
in  larger  and  larger  quantities  into  the  stem  structures,  a  process 
which  must  naturally  be  very  essentially  influenced  by  the  charac- 
ter of  the  weather.  Finally  the  autumnal  starch  maximum  is 
reached  of  which  we  spoke  above. 

We  make  still  further  the  following  interesting  experiment,  in 
order  to  show  that  the  process  of  reconversion  of  starch  from  fat 
or  glucose,  in  the  branches  of  our  trees,  is  very  essentially  depen- 
dent on  the  temperature  to  which  the}'  are  exposed.  In  winter, 
at  the  time  of  the  starch  minimum,  i.e.  in  December  or  January, 
a  bough  is  cut  down  from  a  lime  tree,  brought  into  the  warm 
room,  and  left  there  with  its  lower  end  in  water.  The  regenera- 
tion of  starch  begins  after  a  few  days,  and  continues. 


^  See  A.  Fischer,  Jahrbiicher  f,  wUsenschl.  Botanik,  Bd.  22. 

141.    Ringing  Experiments. 

For  ringing  experiments  willow  shoots  are  especially  suitable. 
It  is  best  to  make  the  observations  in  spring,  and  I  obtained  par- 
ticularly good  results  in  investigations  with  SaliJ  fragilis.  The 
willow  shoots,  about  200  mm.  long  and  12  mm.  thick,  are  ringed 
at  their  morphologically  lower  end,  the  process  consisting  in  the 
removal  of  a  ring  of  cortex  about  20  mm.  broad  at  a  distance  of 
say  40  mm.  from  the  bottom,  so  that  at  this  place  the  wood  is  laid 
bare.  The  branch  is  now  suspended  in  a  sufficiently  tall  glass 
cylinder  by  twisting  a  thread  round  its  upper  end,  and  fastening 
the  thread  by  means  of  sealing-wax  to  a  glass  plate  closing  the 
mouth  of  the  cylinder.  The  bottom  of  the  cylinder  is  covered  to 
a  depth  of  a  few  millimetres  with  water,  into  which  however  the 
shoots  must  not  be  allowed  to  dip.  Moistened  strips  of  blotting- 
paper,  lining  the  inner  side  of  the  cylinder,  materially  assist  in 
keeping  the  air  in  it  uniformly  moist.  In  an  investigation  which 
I  made,  a  ringed  willow  branch  was  left  in  a  glass  cylinder  in  the 
dark  from  March  19th  till  April  21st.     The  result  of  the  experi- 
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ment  is  indicated  in  the  drawing  below.     The  Rhort  piece,  45  mm. 
in  length,  below  the  ring  has  produced  small  roots ;   from  the 

portion  above  the  ring  lonjif 
roots  hare  been  pat  oat,  and 
at  the  apper  end  shoots  also. 
The  reason  that  only  short 
roots  are  produced  in  the 
short  length  below  the  ring 
is  to  be  sought  in  the  fact 
that  here  an  insufficient 
quantity  of  plastic  material 
is  available.  The  small 
quantity  of  nitrogenous  and 
non-nitrogenous  formative 
material  in  the  part  of  the 
shoot  below  the  ring  is 
rapidly  used  up.  Non-nitro- 
genous substances  may,  it  is 
true,  still  stream  to  it,  for 
it  can  be  readily  determined 
(for  method  see  110)  that, 
especially  in  the  peripheral 
region  of  the  wood,  much 
starch  is  present,  as  I  satis- 
fied myself,  e.g.,  in  Februarv, 
using  a  branch  of  Salix 
fragilis,  6  mm.  in  diameter. 
But  the  ringing  stops  the 
conduction  of  proteids  which, 
as  the  ringing  experiments 
themselves  and  other  obser- 
vations teach  (see  143),  is 
chiefly  effected  by  the  ele- 
ments of  the  soft  bast. 
Naturally  the  formation  of 
roots  below  the  ring  is  more 
vigorous  the  higher  the  place 
on  the  branch  from  which  the  ring  of  cortex  is  removed.  On 
the  other  hand,  no  formation  of  roots  at  all  took  below  the 
Hng  when  the  short  piece  at  the  lower  end  of  the  branch  was 
only  20  mm.  in  length.     If  we  do  not  remove  a  complete  ring,  but 


Fig.  116.— Rinped  branch  of  Salix  fragilie,  in 
the  apper  part  of  which  vigorous  roots  and 
ehoots  have  developed. 
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allow  a  vertical  strip  of  cortex  to  remain  as  a  bridge  between  the 
short  lower  and  the  long  npper  segments  of  the  shoot,  there  is  a 
comparatively  luxuriant  formation  of  roots  in  the  lower  part, 
which  is  due  to  the  fact  that  not  inconsiderable  quantities  of 
proteid  can  cross  the  bridge. 

If  we  examine  under  the  microscope  transverse  sections  of 
willow  shoots,  we  shall  easily  make  out  that  the  wood  of  the  fibro- 
vascular  bundles  on  its  inner  side  directly  abuts  on  the  pith. 
Bast  is  only  present  between  the  cortex  proper  and  the  outer  side 
of  the  wood,  and  therefore  the  conduction  of  proteid  must  be 
interrupted  if  the  ringing  extends  right  through  to  the  wood. 

Ringing  experiments  with  Mirabilis  Jalapa  or  Nerium  Oleander 
yield  results  very  di£Eei*ent  from  those  obtained  with  willow  shoots, 
and  generally  with  shoots  possessing  the  typical  dicotyledonous 
structure.  And,  in  fact,  the  anatomical  structure  of  the  stems  of 
these  plants  is  very  peculiar. 

Transverse  sections  of  Mirabilis  stems  about  4  mm.  in  thickness 
show  under  the  microscope  the  epidermis,  the  primary  cortex 
with  its  external  ring  of  collenchyma,  and,  in  particular,  a  ring 
consisting  of  strongly  lignified  cells  (sclerenchymatous  fibres)  and 
intercalated  vascular  bundles,  and,  finally,  the  central  part  of 
the  stem.  This  latter  consists  of  medullary  tissue,  whose  cell» 
I  still  found  to  contain  large  quantities  of  starch  at  the  end  of 
October,  when  the  leaves  of  the  plants  had  been  killed  by  a  night 
frost,  and,  distributed  in  the  ground  tissue,  vascular  bundles 
with  distinct  bast  and  wood.  These  central  vascular  bundles  are 
not  reached  at  all  by  ringing,  and  consequently  in  this  case  the 
removal  of  the  ring  of  a  cortex  does  not  materially  interrupt 
the  paths  of  conduction  either  of  the  non-nitrogenous  or  of  the 
nitrogenous  plastic  substances. 

We  select  a  vigorous,  very  leafy  shoot  of  Nerium  Oleander, 
remove  a  ring  of  cortex  at  a  distance  of  about  20  mm.  from  its 
lower  end.  We  then  pass  the  shoot  through  the  cork  closing 
a  vessel  filled  with  water,  fixing  it  in  the  hole  of  the  cork  in 
such  a  way  that  it  dips  into  the  water  to  a  depth  of  about  80  mm. 

If  the  temperature  is  high  enough,  and  the  air  not  too  dry  (it 
is  advisable  to  keep  the  shoots  in  the  hothouse),  many  roots,  after 
some  time,  break  out  from  the  parts  of  the  stem,  above  the  ring, 
which  are  in  the  water.  After  a  time  a  fairly  large  number  of 
roots  also  develop  at  the  base  of  the  shoot,  i,e,  below  the  ring. 
Nerium  shoots  thus  behave  quite  differently  to  willow  shoots,  and 
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the  cause  of  this  is  to  be  sought  in  the  anatomical  stmctnre  of 
the  stem.  In  Salix  soft  bast  elements  occur  only  at  the  periphery 
of  the  vascular  bundles.  Nerium  possesses  soft  bast  not  only  on 
the  outside,  but  also  on  the  inside  of  the  vascular  bundles,  as 
is  easily  made  out  microscopically  by  examining  delicate  trans- 
verse sections.  In  Nerium,  therefore,  the  path  for  the  conduction 
of  proteids  is  by  no  means  completely  blocked  by  ringing,  while 
in  Salix  it  is.  In  Nerium  considerable  quantities  of  non-nitro- 
genous and  also  nitrogenous  plastic  material  can  stream  to  the 
parts  of  the  stem  lying  below  the  ring,  and  for  this  reason  a  fairly 
large  formation  of  roots  is  possible  in  this  lower  portion  of  the 
stem.^  * 

As  regards  the  migration  of  non-nitrogenous  bodies  in  trees  and 
shrubs  under  normal  conditions  of  environment,  there  is  no 
doubt,  according .  to  the  investigations  of  Th.  Hartig,  Sachs,  and 
A.  Fischer,*  that  the  carbohydrates  formed  in  the  leaves  are  trans- 
located almost  exclusively  in  the  parenchyma  of  the  cortex,  while 
the  upward  movement  of  the  carbohydrates  in  the  spring,  when 
the  buds  are  bursting,  takes  place  in  the  glucose-containing 
vessels  of  the  wood. 

A  several-years- old  branch  of  Betula,  the  lower  end  of  which 
must  be  without  branches  and  leaves,  is  ringed  at  the  beginning 
of  June  about  10  cm.  above  its  point  of  insertion,  without  being 
removed  from  the  parent  plant.  The  exposed  wood  is  smeared 
with  grafting  wax.  At  the  commencement  of  August  we  cut  the 
branch  and  test  suitable  transverse  sections  for  starch.  It  is 
often  sufficient  to  examine  macroscopically,  by  moistening  trans- 
verse slices  with  Iodine  solution.  Above  the  ring  the  wood  and 
cortex  prove  to  be  extremely  rich  in  starch.  The  wood  at  the  ring 
is  very  poor  in  starch ;  so  also  are  the  wood  and  cortex  below  the 
ring.  The  carbohydrates  clearly  could  not  pass  the  ring,  because 
here  there  was  no  cortex.  In  the  uninjured  branch,  on  the 
contrary,  they  move  downwards  in  the  cortical  parenchyma,  and 
thence  distribute  themselves  to  the  wood,  the  medullary  rays, 
and  the  pith,  where  they  are  deposited  in  the  form  of  starch. 

The  fact  that  the  carbohydrates  move  upwards  in  the  wood 
at  the  time  of  the  bursting  of  the  buds  is  determined  by  the 

*  Proteids  can,  however,  in  many  cases  be  translocated  also  in  the  wood. 
See  Strasburger,  Bau  und  Verriehtung  der  Leitungibaknen,  1891,  pp.  900  and 
901.    The  translocation  of  amides,  etc.,  takes  place  in  the  parenchyma. 
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following  experiment.  At  the  end  of  January  we  cut  a  Sjringa 
shoot  provided  with  two  one-year-old  branches,  put  it  with  its 
base  in  water,  and  ring  it  just  below  the  point  at  which  it  forks. 
In  the  warm  room  the  buds  unfold  in  the  course  of  a  fortnight 
or  three  weeks.  The  wood  laid  bare  is  to  be  covered  with  graft- 
ing wax.  At  the  commencement  of  the  experiment  the  wood 
of  the  twig  contains  much  starch.  When  the  buds  have  anfolded, 
the  starch  has  almost  completely  disappeared,  not  only  from  the 
branches,  but  also  from  the  wood  at  the  level  of  the  ring,  and 
from  the  wood  of  the  two-year-old  portion  of  the  branch  below 
the  ring.  The  substance  of  the  starch  has  been  sent  upwards  in 
the  vessels  of  the  xylem  in  the  form  of  glucose. 


^  Literature :  Hanstein  in  Pringsheim*s  Jahrbilcher,  Bd.  2 ;  Sachs,  Flora, 
186.3,  p.  33. 

2  See  A.  Fischer,  Jahrbiiclier,  Bd.  22,  pp.  137  and  142. 


142.    The  Starch  and  Sugar  Sheaths  and  their  Functions  in 

Connection  with  Translocation. 

Many  plants  are  characterised  by  the  possession  of  a  starch 
fiheath,  and  we  may  conveniently  observe  such  a  sheath  if  we 
prepare  transverse  sections  from  the  stems  of,  e.g.,  bean  plants, 
which  have  developed  in  darkness  till  the  first  intemode  has 
elongated  considerably.  Epidermis,  cortex,  pith,  and  vascular 
bundles  are  easily  distinguished.  The  circle  of  vascular  bundles 
is  surrounded  on  the  outside,  i.e.  on  the  bast  side,  by  a  layer 
of  cells  whose  elements  are  smaller  than  those  of  the  cortex,  and 
this  is  the  starch  sheath.  We  find  large  quantities  of  starch  in 
the  cells  of  this  bundle  sheath,  a  fact  which  has  led  to  the 
conclusion  that  the  translocation  of  carbohydrates  takes  place 
especially  in  the  starch  sheath.  Nevertheless,  various  facts  are 
not  in  unison  with  such  a  view.  We  prepare  in  July  transverse 
sections  from  the  lower  part  of  the  stem  of  a  vigorous  plant  of 
Phaseolus  grown  in  the  open.  Each  vascular  bundle  is  famished 
on  the  outside  with  a  strongly  developed  layer  of  bast  fibres,  and 
we  can  easily  make  out,  by  microscopic  examination,  that  large 
quantities  of  starch  are  present  in  the  parenchyma  both  of  cortex 
and  pith.  The  cells  of  the  starch  sheath,  on  the  other  hand,  are, 
as  I  have  satisfied  myself,  very  poor  in  starch,  or  contain  no 
starch  grains  at  all.     From  this  it  follows  that  translocation  of 
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starch  undoubtedly  takes  place  chiefly  in  the  cortex  and  pith. 
The  starch  sheath  only  contains  much  starch  when  the  elements 
of  the  bast  fibre  layer  of  the  bundles  are  not  yet  fully  developed. 
With  advancing  development  of  these  the  starch  gradually  dis- 
appears from  the  cells  of  the  starch  sheath,  being  employed  in 
building  up  the  thick-walled  bast  elements.^ 

The  fact  has  already  been  mentioned  that  many  plants  have  the 
power  of  reconverting  transitorily  into  starch,  along  the  channels 
of  conduction  (the  leaf-nerves),  the  carbohydrates  which  have 
migrated  from  the  mesophyll  of  the  leaves.  Other  plants  can 
effect  this  only  to  a  small  extent,  and  hence  we  find  their  leaf- 
nerves  filled  not  with  starch  but  with  glucose.  We  prepare 
transverse  sections  from  the  lower  part  of  the  lamina  and  the  npper 
part  of  the  leaf- stalk  of  a  mature  turnip  leaf.  The  starch  formed  in 
the  blade  by  assimilation  travels  under  normal  conditions  through 
the  nerves  and  the  leaf -stalk  into  the  root,  rendering  possible  its 
development.  By  micro-chemical  tests,  however,  we  find  only  very 
small  quantities  of  starch  in  the  parenchyma  which  sarrounds 
the  vascular  bundles  of  the  nerves  and  of  the  leaf-stalk,  whereas 
we  find  very  large  quantities  of  glucose,  and  we  may  therefore 
designate  the  tissue  conducting  the  carbohydrate  a  condncting 
sheath,  and  in  particular  a  sugar  sheath.^ 


1  See  H.  Heine,  Beriehte  der  DeutaeJien  hotan,  GeseUsckaft,  Bd.  3,  Heft  5. 
'  See  H.  de  Yries,  LandtcirthfchL  Jahrhucher,  Bd.  8,  p.  445. 


143.    The  Sieve  Tubes  and  their  Functions  in  Connection  with 

Translocation. 

If  we  cut  through  the  stem  of  a  plant  of  Cucurbita,  a  consider- 
able quantity  of  a  mucilaginous  fluid  springs  from  the  cut  surface. 
On  consideration  of  its  quantity,  it  is  at  once  clear  that  the  sap  is 
forcibly  driven  out  under  the  influence  of  pressure,  and  in  fact 
causes  for  such  pressure  effects  are  to  be  found  in  the  organism, 
as  we  shall  see  below.     We  will  first  examine  the  sap. 

We  cut  through  the  stem  of  a  Cucurbita,  e.g.  C.  Pepo  (I  used 
C.  minensis).  We  now  touch  the  cut  surface  with  a  small  piece 
of  red  litmus  paper,  and  find  to  our  surprise  that  it  becomes  blue. 
At  all  events,  therefore,  a  large  part  of  the  sap  flowing  from  the 
stem  has  a  comparatively  strong  alkaline  reaction,  whereas  most 
plants  when  they  have  been  wounded  yield  a  sap  acid  in  reaction, 
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and  consequentlj  colonring  blae  litmus  red.  If  we  again  tench 
our  cut  surface  with  red  litmus  paper,  we  shall  soon  find  that  the 
whole  surface  of  the  paper  touching  it  is  no  longer  turned  blue,  but 
only  particular  parts,  those  namely  which  come  into  contact  with 
the  vascular  bundles.  If  we  now  touch  the  cut  surface  with  blue 
litmus  paper,  this  becomes  red  except  in  certain  places.  Directly 
after  cutting  the  stem  of  Gucurbita  there  exudes  a  mixture  of  sap 
preponderatingly  alkaline  in  reaction.  Proceeding,  however,  as 
above,  we  readily  make  out  that  the  sap  of  the  parenchyma  in 
Cncurbita,  as  in  other  plants,  is  acid  in  reaction,  while  that  of 
certain  tissues  of  the  fibro-vascular  bundles,  viz.  those  of  the  soft 
bast,  have  an  alkaline  reaction.  In  other  plants  the  conditions 
are  similar,  but  it  is  not  so  easy  to  determine  them  with 
certainty.^ 

We  now  prepare  a  transverse  section  from  the  hypocotyl  of 
Cncurbita  Pepo,  using  alcohol  material.  In  most  plants  soft  bast 
occurs  only  on  the  outside  of  the  vascular  bundles,  but  here  it  is 
to  be  found  both  on  the  outside  and  the  inside  of  the  wood  of  the 
bundles.  If  we  test  for  proteids  in  the  manner  given  in  94,  it 
is  found  that  the  elements  of  the  soft  bast  contain  large  quantities 
of'proteid  substances.  The  alkaline  mucilage,  rich  in  proteid, 
which  escapes  on  cutting  the  Cacurbita  stems,  is  present  in  par- 
ticularly large  quantities  in  the  sieve  tubes  of  the  soft  bast, 
characteristic  elongated  elements  which  are  divided  by  trans- 
veiTse  walls  (the  sieve  plates),  pierced  by  numerous  pores.  In  the 
sieve  tubes  parietal  protoplasm  is  present,  and  they  are  filled  with 
an  alkaline  mucilage  rich  in  proteid,  which  by  means  of  the  sieve 
pores  can  pass  from  one  member  of  the  sieve  tube  to  another. 
And  in  fact  such  a  movement  of  the  mucilage  must  tako  place  in 
the  uninjured  plant,  from  the  same  causes  as  bring  about  the 
escape  of  the  mucilage  when  the  plants  are  injured.  The  sieve 
tubes,  viz.,  are  subjected  to  the  pressure  of  the  turgescent 
parenchyma  in  their  neighbourhood.  Hence  their  contents  can 
be  passed  on  to  places  of  less  pressure,  especially  to  the  very 
young  parts  of  the  plant,  and  we  see  therefore  that  the  sieve 
tubes  function  as  organs  for  the  translocation  of  proteids,  which 
is  in  complete  harmony  with  the  results  obtained  from  the  ringing 
experiments. 

The  circulating  proteid  in  the  mucilage  of  the  sieve  tubes 
moves  en  mctsse,  and  can  be  transported  from  one  place  in  the 
plant  to  others  often  far  removed.     We  must  however  make  our- 
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selves  acquainted  somewhat  more  accurately  with  the  Btracture  of 
flieve  tnbes,  especially  with  that  of  their  sieve  plates. 

We  prepare  transverse  sections  from  a  stem  of  Cacarbita  Pepo 
(alcohol  material)  10  mm.  in  thickness.  Under  a  low  power  we 
observe  the  epidermis,  the  interrnpted  collenchyma,  the  cortex, 
the  ring  of  aclerenchyma,  and  the  vascular  bandies  ^rooped  in  a 
double  circle.  These  are  made  np  of  a  wood  portion  with  very 
wide  vessels,  and  an  inner  as  well  as  an  enter  ba&t  portion.  The 
inner  bast  or  sieve  region  clasps  the  inside  of  the  wood  or  vascular 
region  in  a  crescent-like  manner.     For  more  accnrate  examination 


under  higher  magnification,  it  is  well,  according  to  Strasbarger, 
to  lay  the  sections  in  aniline  blue  for  a  short  time,  and  then 
monnt  them  in  a  drop  of  glycerine.  The  tissue  of  the  inner  and 
enter  bast  is  made  np  of  wide  sieve  tubes,  of  their  companion  cells 
with  contents  stained  blue  (see  Fig,  117),  and  finally  of  cambi- 
form  cells.  The  perforated  siove  plates  are  easily  reco^is^d 
where  the  sections  have  passed  through  them.^ 
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'  See  Saobs,  Botan,  Zeitung,  1862. 

'  See  Wilhelm,  Beitrdge  zur  Kenntniit  des  Siebrohrenapparates  dicotyler 
PJlanzen,  Leipzig,  1880,  and  Fischer,  Untersuchunjen  iiher  dit  Siehrohren 
system  der  Cucurbitaceen^  Berlin,  1884. 


144.    Latex. 

Many  plants/as  is  known,  contain  latex.  If  we  cut  a  Euphorbia, 
for  example,  a  white  milky  juice  often  escapes  from  the  wound  in 
large  quantities  (especially  if  we  experiment  with  the  Cactus-like 
Euphorbias). 

Clearly  the  contents  of  the  latex  reservoirs  must  stand  at  a 
not  inconsiderable  pressure,  exerted  by  the  turgescent  cells  of  the 
parenchyma  in  their  neighbourhood,  because  otherwise  such  large 
quantities  of  fluid  could  not  flow  from  the  wound  as  is  actually 
the  case  when  laticiferous  plants  are  cut. 

The  question  as  to  the  physiological  function  of  latices  is  still 
unsolved.  I  cannot  escape  the  impression  that  latices  are  inter 
alia  of  significance  in  nutrition ;  the  experiments  of  Faivres  are 
also  in  favour  of  this.  Latex  may,  however,  be  of  special  im- 
portance as  a  means  of  protection  to  the  plants. 

In  the  watery  fluid  of  latices,  as  in  the  serum  of  the  milk  of 
animals,  there  are  suspended  numerous  small  solid  particles,  so 
that  most  latices  appear  white  in  colour.  The  number  of  these 
solid  particles,  however,  varies  considerably  from  time  to  time, 
and  according  to  the  origin  of  the  latex.  If  we  take  a  drop  of 
latex  from  the  stems  or  the  leaves  of  a  fig,  and  mount  it  on  a 
slide  without  addition  of  water,  we  can  easily  make  out  by 
examination  under  high  magnification  that  the  number  of 
particles  in  suspension  is  comparatively  small.  The  latex  of 
the  Euphorbias,  and  that  of  Fie  us  elastica  are  usually  found 
to  be  much  richer  in  solid  constituents. 

In  the  watery  fluid  of  latices  there  occur  in  solution  mineral 
substances,  sugar,  proteids,  and  sometimes  also  pepsin  (see  96), 
etc.  The  suspended  particles  very  often  consist  mainly  of 
indiarubber.  Many  latices,  however^  also  contain  fat  or  starch 
grains. 

If  latex  from  a  Euphorbia  is  mixed  on  the  slide  with  a  little 
water  or  alcohol,  the  latex  coagulates.  Under  the  microscope 
it  is  seen  that  the  constituents  which  were  originally  uniformly 
distributed  in  the  latex  have  gathered  themselves  together  into 
larger  masses. 
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The  latex  reservoirs  of  plants  are  of  very  different  kinds.  A 
very  favourable  object  for  stndy  is  found  in  the  root  of  Scorzonera 
bispanica  (black  root).  We  employ  alcohol  material,  and  after 
removing  the  superficial  layers  of  cortex  prepare  tangential 
longitudinal  sections.  The  latex  reservoirs,  readily  recognised 
by  their  contents,  appear  in  our  preparations  as  elongated  vessels, 
frequently  anastomosing  with  one  another,  and  traversing  the 
small-celled  parenchyma. 

We  further  submit  to  examination  stems  of  Chelidoninm  majus, 
using  alcohol  material.  Transverse  sections  show  the  epidermis, 
coUenchyma,  and  green  cortical  parenchyma.  These  are  followed 
internally  by  a  closed  ring  of  mechanical  tissue,  whose  elements 
are  strongly  thickened.  The  vascular  bundles  consist  of  a  bast 
portion  and  a  wood  portion.  In  the  bast,  but  also  in  the  ground 
tissue  surrounding  the  fibro-vascular  bundles,  we  perceive  ele- 
ments with  brown  contents.  These  are  the  latex  vessels.  The 
latex  of  Chelidoninm  has  an  orange-red  colour  in  the  fresh 
state.  The  treatment  of  the  material  with  alcohol  has  caused 
the  latex  to  coagulate  in  the  laticiferous  vessels. 


145.    Accumnlation  of  Material 

It  is  clearly  an  important  fact  that  some  tissue-complexes  in 
the  plant  serve  as  channels  of  conduction,  others  as  places  for 
the  deposition  of  particular  substances.  Wo  are  not  at  present 
in  a  position  to  give  a  detailed  account  of  the  causes  of  the 
phenomena.  It  is  only  possible  to  do  so  in  a  general  way,  and 
I  have  already  discussed  these  matters  in  my  Lehrbuch  der  Pflan- 
zenphysiologie. 

If,  e.g.,  an  accumulation  of  starch  is  to  take  place  in  the  tissues 
of  the  reserve  receptacles,  causes  must  be  at  work  in  their  cells, 
which  bring  about  the  precipitation,  in  the  form  of  starch  grains, 
of  the  non- nitrogenous  material  conveyed  thither.  Similar  causes 
must  also  be  operating  in  the  transitory  formation  of  starch 
in  the  cells  of  the  tissues  which  act  as  channels  for  the  con- 
duction of  carbohydrates.  The  accumulation  of  starch  can  only 
take  place  in  cells  in  which  starch-formers  occur,  and  their 
activity  is  the  necessary  condition  for  a  continuance  of  the 
current  of  dissolved  carbohydrate.  The  results  of  the  following 
experiments  serve  to  afford  us  an  idea  of  the  nature  of  the 
process  of  accumulation. 
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We  fill  a  beaker  with  dilute  Copper  sulphate  solution.  In  thif? 
we  suspend  a  glass  tube  about  6  cm.  long  and  wide,  closed  at 
both  ends  with  parchment  paper,  and  filled  with  water,  into  which 
A  spiral  of  zinc  has  been  introduced.  The  solution  of  Copper 
sulphate  penetrates  into  the  tube,  and  distributes  itself  in  the 
wat-er ;  but  when  it  comes  into  contact  with  the  Zinc  it  is  decom- 
posed, and  forms  soluble  Zinc  sulphate,  while  the  Zinc  becomes 
coated  with  a  gradually  thickening  crust  of  metallic  Copper 
and  Copper  oxide.  The  accumulation  of  Copper  in  the  tube  is 
thus  easy  to  prove. 

That  dissolved  substances  can  be  sepai*ated  from  their  solvents, 
and  stored  up  by  bodies  capable  of  imbibition,  may  be  demon- 
strated as  follows : — We  treat  water  with  a  few  drops  of  an 
alcoholic  solution  of  Iodine,  so  that  the  fluid  assumes  a  yellowish 
colour,  and  add  to  it  some  wheat  starch.  This  last  takes  up  the 
Iodine.  It  consequently  becomes  blue  in  colour,  "while  the  fluid 
is  rapidly  decolorised.  We  further  provide  a  glass  funnel  with 
six  or  eight  filter  papers,  placed  one  within  the  other,  and  pour 
on  them  a  dilute  aqueous  solution  of  methyl  violet.  The  paper 
completely  arrests  the  pigment.  A  colourless  fluid  runs  from 
the  filter. 
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FOURTH  SECTION. 

Movements  of  Growth. 

L  CHARACTERISTICS  OF  GROWING  PLANT  STRUC- 
TURES, AND  MOVEMENTS  OF  GROWTH  DEPEN- 
DENT   ON   INTERNAL   CAUSES. 

146.     The  Extensibility  and  Elasticity  of  Growing  Plant 

Structures. 

It  is  of  great  significance,  in  connection  with  the  theory  of  growth, 
that  growing  plant  structures  are  highly  extensible  and  elastic. 
We  shall  return  to  this  again  in  detail ;  here  it  is  only  proposed 
to  establish  the  fact  in  a  general  way.^ 

For  investigation  we  select  perfectly  fresh  pieces  of  stem  cut 
from  plants  of  Aristolochia  Sipho  or  Sambucus  nigra.  At  the 
upper  and  lower  end  of  a  young  intemode  and  of  the  next  older 
one  we  make  fine  lines  with  Indian  ink,  as  points  of  reference, 
take  the  object  with  both  hands,  and,  laying  it  against  a  milli- 
metre scale,  stretch  it  as  strongly  as  may  be  without  risk  of 
breaking  it.  It  is  now  easy  to  prove  that  the  younger  internodes 
are  much  more  extensible  than  the  older ;  and  I  found,  e.g.^  that 
the  extensibility  of  a  young  intemode  of  Aristolochia  Sipho,  50 
mm.  long,  amounted  to  9  per  cent.     If  we  leave  the  shoots  to 
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themselyes  after  they  have  been  stretched,  they  shorten  again 
more  or  less;  their  tissue  is  therefore  elastic.  Since,  however, 
they  do  not  completely  resume  their  original  length,  but  after 
vigorous  stretching  remain  permanently  longer,  they  must  be 
considered  incompletely  elastic. 

Perfectly  fresh,  straight  intemodes  of  Yitis  or  Aristolochia, 
about  6  mm.  thick,  are  bent  with  both  hands  over  a  card,  marked 
with  concentric  circles,  till  the  axis  of  the  stem  coincides  with  one 
of  the  circles.  The  known  radius  of  this  circle  we  note  as  the 
radius  of  curvature  of  the  bent  internode.  If  we  leave  the  stem 
to  itself,  it  does  not  become  straight  again,  but  remains  somewhat 
considerably  bent ;  and  we  may  again  easily  determine  its  radius 
of  curvature.  Growing  plant  structures  are  therefore  flexible. 
They  have  elasticity  of  flexion,  but  the  elasticity  is  not  perfect. 

If  we  select  a  straight,  actively  elongating  shoot,  with  a  stick 
give  it  a  blow  or  several  blows  in  succession  at  the  lower  end, 
where  the  growth  in  length  is  already  completed,  the  curvature 
produced  in  the  region  struck  travels  in  the  form  of  a  wave  right 
up  to  .the  free  end.  This  consequently  appears  bent,  and  the 
concavity  always  lies  on  the  side  from  which  the  blow  came. 
This  curvature,  resulting  from  a  blow  or  concussion,  which  I 
observed  especially  beautifully  in  experiments  with  shoots  of 
Vitis  and  shoots  of  Lonicera  tatarica,  owes  its  origin,  as  is  more 
fully  explained  in  my  Lehrbuch  der  Fflanzeivphysiologie^  to  the 
flexibility  and  incomplete  elasticity  of  the  structures. 


'  See  Sachs,  Textbook  of  Botany, 


147.    Relations  between  Targidity  Growth  and  Extensibility 

in  Plants. 

For  our  purpose  it  is,  first  of  all,  indispensable  to  determine  the 
relative  rate  of  growth  in  the  successive  partial  zones  of  a  plant 
structure.  We  experiment  with  young  flower-stalks  of  Butomus 
umbellatus,  Plantago  media,  and  Papaver,  cut  from  the  plants,. 
or  with  undetached  epicotyls  of  Phaseolus  multiflorus,  which 
have  developed  in  darkness  to  a  length  of  a  few  centimetres. 
By  means  of  Indian  ink  we  make  fine  lines  on  the  objects, 
at  distances  of  every  10  or  20  mm.,  to  serve  as  marks,  and 
80  divide  them  into  a  series  of  partial  zones.  The  placing  of  the 
marks  necessitates  some  care ;  it  is  to  be  done  in  the  manner 
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given  in  59  and  148.*  The  detached  flower-stalks  are  now  placed 
vertically  in  a  cylinder  filled  with  spring  water,  so  that  they  are 
completely  covered,  while  the  bean-stalks  are  not  yet  cat  ofF. 
After  twelve  or  twenty-fonr  hours  we  determine  the  distances 
between  the  marks ;  and  we  shall  find  that  these  are  no  longer 
10  or  20  mm.,  bat  have  become  greater.  This  is  due  to  the 
growth  which  has  taken  place.  It  can  now  be  easily  determined, 
and  this  is  of  special  interest,  that  the  growth  of  the  individual 
partial  zones  is  by  no  means  the  same.  The  most  rapid  growth 
has  taken  place  either  in  the  very  youngest  partial  zone  (so  1 
found  in  harmony  with  H.  de  Yries,  using  for  investigation  a 
young  flower-stalk  of  Plantago,  divided  into  partial  zones  20  mm. 
in  length),  or  in  one  of  the  youngest  zones  {e.g.  the  third).  I 
found  this  to  be  the  case  in  experiments  with  the  epicotyl  of 
Phaseolus  seedlings  grown  in  sawdust  in  the  dark.  The  epicotyl 
was  70  mm.  in  length,  and  the  marks  were  made  at  distances  of 
only  5  mm.  from  each  other.  In  the  coarse  of  forty-eight  hours  at 
15^  C,  the  youngest  partial  zone  increased  in  length  by  1  mm., 
the  second  by  3  mm.,  the  third  by  8  mm.,  the  fourth  by  6  mm., 
the  fifth  by  5  mm.,  the  sixth  by  3  mm.,  and  the  seventh  by  1  mm. 
It  is  always  found  that  the  rate  of  growth  of  the  cells  gradually 
diminishes  with  advancing  age,  until  finally  their  growth  com- 
pletely comes  to  an  end. 

After  determining  the  distribution  of  the  rate  of  growth  in  the 
objects  investigated,  we  plasmolyse  them  (see  59)  by  placing  them 
in  a  10  per  cent,  solution  of  common  salt  or  Potassium  nitrate. 
Pieces  of  stem  2-3  mm.  thick  may  be  at  once  placed  in  the  salt 
solution ;  thicker  pieces  must  firat  be  halved.  After  a  shorter  or 
longer  time  (three  to  twelve  hours),  plasmolysis  is  complete.  The 
partial  zones  have  become  shorter  owing  to  loss  of  turgidity  ;  and 
if  we  calculate  the  shortening  with  reference  to  the  original 
length  of  the  zones  (5,  10  or  20  mm.,  as  the  case  may  be),  it 
appears  that  it  is  greatest  in  extent,  roughly  or  exactly,  in  the 
regions  where  the  most  vigorous  growth  took  place.  There  is  a 
clear  relation  between  the  turgor-extension  of  [the  cells  of  the 
different  partial  zones  and  their  rate  of  growth,  a  result  which  leads 
to  the  view  that  the  rate  of  surface  growth  of  cells  is  dependent 
upon  the  magnitude  of  their  turgor-extension.     This  last  is  deter- 

*  IE  it  is  required  to  place  ink-marks  on  curved  plant  stractores — e,g,  the 
epicotyls  of  Phaseolaa— it  can  be  done  by  means  of  a  strip  of  paper  divided 
into  millimetres. 
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mined  by  the  magnitude  of  the  osmotic  pressure  [Turgorkraft'}, 
and  by  the  amount  of  resistance  offered  by  the  stretched  cell 
layers  (protoplasm,  cell- wall).  This  resistance  depends,  among 
other  things,  upon  the  extensibility  of  the  stretched  cell  layers, 
so  that  special  interest  attaches  to  the  exact  determination  of  this 
extensibility. 

We  use  for  investigation,  e.^.,  an  epicotyl  of  Phaseolus,  30  mm. 
in  length,  which  has  been  divided  into  partial  zones  5  mm.  in 
length.  We  determine  its  rate  of  growth,  and  then  plasmolyse  it. 
The  limp  stem  is  carefully  laid  upon  a  sheet  of  cork,  and  covered 
at  its  upper  end  with  a  small  sheet  of  cork,  the  two  sheets  being 
then  clamped  together  by  means  of  a  binding  screw.  To  the 
older  end  of  the  stem  we  fasten  a  piece  of  thread  with  a  loop. 
This  is  pulled  till  the  desired  extension  of  the  object  is  obtained, 
and  then  fixed  to  the  cork  by  means  of  a  needle.  The  stem  is  only 
stretched  till  it  is  artificially  brought  back  to  the  length  which  it 
possessed  before  being  plasmolysed.  By  means  of  a  millimetre 
scale  we  determine  the  amount  of  extension  of  the  individual 
partial  zones,  and  express  the  results  in  terms  of  the  original 
equal  lengths  of  the  zones  (5  mm.).  It  is  thns  proved  that  the 
extensibility  of  the  tissue  in  the  younger  regions  of  the  structure 
is  considerably  greater  than  in  the  older  ones.  A  relation  is  there- 
fore established  between  the  rate  of  growth,  the  amount  of  turgor- 
extension,  and  the  extensibility  of  the  tissue  in  the  different 
partial  zones.^  Wortmann,  e.g.,  has,  in  experiments  with  a  young 
bean  epicotyl,  which  he  had  divided  into  six  zones  originally 
5  mm.  each  in  length,  determined  the  following  values  for  the 
growth  of  the  partial  zones  in  twenty-four  hours,  for  the  shorten- 
ing in  salt  solution,  and  for  the  increase  in  length  by  stretching. 


Zone. 
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after 

growth  for 

24  hrs.  at 
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These  and  other  obserYations  always  showed,  what  is  not  in  com- 
plete harmony  with  the  results  obtained  by  H.  de  Yries,  that  the 
zone  of  greatest  extensibility  lies  in  the  youngest  I'egion  of  the 
structure  investigated,  and  is  not  coincident  with  the  zone  of  most 
vigorous  growth.  In  the  youngest  zones,  however,  as  Wortmann 
determined  (Bot  Zeit.,  1889,  p.  250),  the  osmotic  pressure  is 
relatively  small ;  and  hence,  in  spite  of  the  great  extensibility  of 
their  membranes,  they  still  do  not  grow  very  energetically.  The 
maximum  of  growth  falls  in  a  zone  whose  cells  are  still  very 
extensible,  and  develop  high  osmotic  pressure  (hence  here  also 
the  turgor- extension  of  the  cells  is  greatest) ;  while  in  the  older 
zones  the  growth  is  again  slower,  notwithstanding  the  fact  that 
the  osmotic  pressure  of  the  cells  keeps  high,  because  the  extensi- 
bility of  the  membranes  falls  ofE  very  considerably. 


^  The  fandatnental  ideas  of  our  current  theory  of  growth  have  been  devel- 
oped by  Sachs.  See  my  Lehrbuch  der  Pfianzenphijiiologie^  p.  213.  Respecting 
the  experiments  indicated,  the  student  is  referred  to  the  work  of  H.  de  Yries, 
Veher  mechanische  Ursachen  der  ZelUtreckung^  Halle,  1877.  See  also  Wort- 
mann, Botan.  Zeitung,  1889. 


148.    The  GontractioiL  of  Soots. 

In  many  plants  careful  observation  shows  that  while  the  seed- 
lings expand  their  cotyledons  above  ground,  and  the  plumule 
projects  more  or  less  out  of  the  soil,  the  points  of  insertion  of  the 
cotyledons  and  of  the  leaves  developed  from  the  bud  are  at  a  later 
stage  concealed  in  the  soil.  This  subsequent  dragging  into  the 
soil  of  the  points  of  insertion  of  the  leaf  structures  can  only  be 
caused  by  contraction  of  the  root ;  and,  in  fact,  the  occurrence  of 
such  a  phenomenon  has  been  definitely  determined  by  H.  de  Vries.' 
The  contraction,  whose  biological  siguificance  is  to  be  sought  in 
the  protection  which  it  afEords  to  the  buds  in  the  soil,  is  due 
to  peculiarities  in  the  growth  of  the  roots.  In  the  cells  of  the 
parenchymatous  tissue  of  the  roots  occurs  energetic  turgor.  This 
must  be  the  case  before  growth  can  take  place  at  all.  But  since 
in  the  somewhat  older  roots  the  extensibility  of  the  membranes 
of  the  cells  is  greater  in  the  transverse  direction  than  in  a 
direction  parallel  to  the  loug  axis  of  the  roots,  the  extension 
of  the  cells  due  to  turgor  is  actually  greater  in  the  former 
direction  than  in  the  latter,  and  contraction  of  the  organs  must 
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consequently  take  place.  The  shortening  is  then  gradually  fixed 
by  growth.  It  is  now  of  special  interest  to  study  accurately  this 
contraction  of  the  root  resulting  from  turgor,  since  it  is  the  indis- 
pensable condition  for  the  subsequent  shortening,  to  be  rendered 
permanent  and  irreversible  by  growth. 

We  sow  seeds  of  Carum  carvi  in  good  garden  earth  in  the  open, 
in  summer,  and  let  the  plants  grow  till  they  are  two  to  three 
months  old.  I  sowed  at  the  end  of  July,  and  used  the  material 
for  investigation  at  the  end  of  October.  When  the  experiments 
are  to  be  made  we  remove  the  plants  from  the  soil,  at  once  cut  off 
the  tops,  so  as  to  provide  against  excessive  loss  of  water  from  the 
roots  owing  to  transpiration  by  the  leaves,  bring  the  roots  into  the 
laboratory,  and  after  washing  and  drying  them  remove  their 
secondary  roots  and  the  thin  terminal  portion.  It  is  now 
necessary  to  provide  the  roots  with  ink  marks,  and  to  do  this  we 
lay  each  of  them  in  turn  on  a  sheet  of  cork  along  one  half  of 
which  is  fastened  a  second  sheet  of  cork,  whose  thickness  is  about 
the  same  as  that  of  the  root  to  be  operated  upon.  The  root  is 
placed  against  the  edge  of  the  upper  sheet  of  cork,  and  fixed  there 
by  means  of  needles,  which  are  stuck  into  the  lower  sheet  close  up 
to  the  root.  The  ink  lines  are  finally  painted  on  at  definite 
intervals  with  the  help  of  a  brush  and  a  millimetre  scale.  In  my 
experiments  with  Carum  roots,  which  at  the  upper  end,  i,e,  at 
the  morphological  base,  were  6-9  mm.  in  thickness,  the  distance 
between  the  two  marks  was  70-100  mm.  The  roots  are  next 
placed  in  flat  glass  dishes  filled  with  water.*  If  now,  after  a 
certain  time,  we  measure  the  distance  of  the  marks  from  one 
another,  at  intervals  of,  say,  2,  4,  24,  2  x  24,  and  4  x  24  hours,  we 
find  that  they  get  nearer  and  nearer,  till  finally  no  further 
contraction  takes  place.  The  extent  of  the  contraction  is  consider- 
able. In  different  cases  which  I  observed  it  reached  at  the  end 
of  twenty-four  hours  2*5  to  4*0  per  cent. 

If  we  dry  the  contracted  roots  and  plasmolyse  then  by  immer- 
sion in  common  salt  or  Potassium  nitrate  solution,  it  is  found  that 
while  becoming  flaccid  they  have,  even  after  a  few  hours,  elongated 
considerably.  This  elongation,  however,  stands  in  the  closest 
relation  with  the  contraction  accompanying  the  increased  turgor 
of  their  root  cells  due  to  absorption  of  water. 


*  It  is  advisable  before  placing  the  marked  roots  in  water  to  let  them  stand 
for  a  few  minutes  in  moist  air,  so  as  to  make  sure  of  the  ink  adhering. 
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When  roots  lie  in  water  their  total  volume  naturally  increases, 
notwithstanding  the  fact  that  thej  shorten;  and  the  volume 
of  their  constituent  cells  likewise  increases.  Extension  of  the 
cells  takes  place  only  in  a  direction  at  right  angles  to  the  axis  of 
the  root ;  the  root  beconies  thicker,  and  we  make  the  following 
observations  in  order  to  determine  this  extension : — 

We  prepare  transverse  sections  of  the  Carum  roots  '5  mm.  in 
thickness,  isolate  a  median  portion  of  each  by  two  parallel  cuts, 
and  indicate  its  length  on  paper  under  slight  magnification  (about 
10  diameters)  by  means  of  a  camera  lucida.  The  sections  are 
now  quickly  put  into  water.  If  we  again  mark  their  length  on 
paper  after  about  an  hour,  it  is  found  on  comparison  that  the 
strips  have  increased  in  length.  Dividing  the  lengths  observed 
by  10  (if  we  have  worked  with  a  magnification  of  10  diameters), 
we  obtain  an  absolute  value  for  the  lengths  of  the  strips  before 
and  after  the  absorption  of  water. 


*  See  H.  de  Yries,  Landwirthsclil.  Jahrbilcher,  Bd.  9,  p.  37. 

149.    Longitudinal  Tension. 

To  determine  that  in  many  plant  structures  longitudinal  ten. 
sions  occur,  straight  intemodes,  or  portions  of  such,  are  laid  on 
a  piece  of  thick  cardboard,  on  which  fine  lines  have  been  drawn, 
and  the  length  of  each  is  indicated  by  two  marks  made  with  a  very 
sharp  lead  pencil.  Then  with  a  sharp  razor  we  remove  strips 
of  the  different  tissues  (epidermis,  generally  with  the  collenchyma 
attached,  cortex,  wood,  and  pith,  which  we  free  from  wood  by 
longitudinal  cuts)  the  fall  length  of  the  internodes,  and  without 
dragging  them,  lay  the  isolated  strips  on  the  cardboard,  and  mark 
off  their  length  as  before.  We  can  now,  by  means  of  a  millimetre 
scale,  determine  the  lengths  of  the  uniDJured  intemodes  and 
of  the  tissue  isolated  from  them.  We  may  employ  for  the 
observations  vigorously  growing  intemodes,  about  60  mm.  long, 
from  Sambucus  nigra,  Nicotiana  Tabacum,  Vitis  vinifera,  or 
Helianthus  tuberosns.  It  is  always  fonnd  that  the  length  of  the 
isolated  strips  of  tissue  increases  from  outside  inwards,  the  pith 
isolated  from  actively  growing  intemodes  being  generally  much 
longer,  and  the  isolated  epidermis  shorter,  than  the  uninjured 
internode,  while  a  strip  of  tissue  taken  from  the  region  between 
the  epidermis  and  pith  is  exactly,  or  nearly,  the  same  length  as 
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the  intact  stractiires.  The  pith  is  therefore  in  a  state  of  great 
positive  or  active  strain  (compression),  the  epidermis  in  a  state 
of  negative  or  passive  strain  (tension). 

If  the  length  of  the  nninjnred  intemode  is  taken  as  100,  and 
the  change  in  length  of  the  epidermis  and  pith  be  expressed  in 
percentages,  we  obtain  a  value  (not,  it  is  true,  an  absolutely  exact 
one)  for  the  intensity  of  the  tension  in  the  uninjured  structure. 
For  example,  if  the  total  length  of  an  intemode  used  for  experi- 
ment is  50  mm.,  the  length  of  the  isolated  epidermis  49,  and 
that  of  the  isolated  pith  54,  the  tension  in  the  uninjured  structure 
would  be  expressed  by  the  number  10.  As  a  matter  of  fact  we 
frequently  obtain  such  numbers  in  experiments,  e.gr.,  with  inter- 
nodes  of  Sambucus  nigra. 

It  is  instructive  to  determine  the  tension  in  the  manner  above 
described  in  the  successive  internodes  of  a  shoot.  If  we  always 
refer  the  change  in  length  of  the  isolated  strips  of  epidermis  and 
pith  to  100,  we  obtain  comparable  numbers,  and  it  is  then  brought 
out  that  the  tension  in  the  youngest  internodes  is  small,  while  it 
rises  to  a  considerable  value  in  those  somewhat  older,  becoming 
much  less  again  in  the  still  older  internodes.  Shoots  of  Sambucus 
nigra  form  particularly  good  material  for  such  investigations. 

With  reference  to  the  causes  of  the  longitudinal  tension  in  the 
internodes,  it  is  to  be  observed  that  its  origin  must  primarily  be 
ti*aced  back  to  the  strong  turgescence  of  the  cells  of  the  pith.  The 
cells  of  the  pith  are  able  to  absorb  very  large  quantities  of  water. 
The  pith  consequently  endeavours  to  extend  as  much  as  possible, 
and  strives  to  stretch  the  extensible  peripheral  tissues.  These, 
however,  are  not  only  extensible,  but  at  the  same  time  elastic, 
and  strive  on  their  part  to  compress  the  pith.  The  high  tur- 
gescence of  the  cells  of  the  pith  further  brings  about  in  them 
specially  vigorous  growth,  a  condition  which  must  still  further 
intensify  the  tension  in  the  internodes.  When  the  pith,  with 
advancing  age  of  the  stem,  loses  its  water,  and  ceases  to  grow, 
the  longitudinal  tension  also  disappears.  In  place  of  it,  however, 
is  exhibited,  in  connection  with  the  vigorous  growth  in  thickness 
which  now  goes  on,  the  transverse  tension  which  we  have  to 
discuss  in  150. 

That  the  pith  does  actually  possess  the  power  of  taking  up 
without  difficulty  considerable  quantities  of  water,  may  easily  be 
demonstrated  in  lecture.  In  flower  stalks  of  Taraxacum  officinale, 
microscopic    examination   of  a  transverse   section   teaches   that 
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epidermis,  collenchyma,  green  tissue,  and  pith  parenchyma  follow 
each  other  in  succession  from  without  inwards ;   in  the  ground 
tissue  lie  the  fibro-vascular  bundles.     If  we  split  a  young  flower- 
stalk  longitudinally,  and  lay   the   pieces  in 
water,   they  rapidly   roll   up  into   a  spiral 
under  the  eye  of  the  observer,  the  pith  side 
being  convex  (see   Fig.  118).     The  medul- 
lary tissue  rapidly  takes  up  large  quantities 
of  water,  its  cells  lengthen,  and  the  structure 
consequently  curls  up  spirally.     Two  inter- 
nodes,  as  nearly  as  possible  similar  to  each 
Fio.  118.— Flower  scape     other,   are    cut    off    and   examined    in    the 

Ivr'"^""?^;:     ^^'^^^^^  o-^'^^^  deecribed    as   regards  their 
Which  hM  coiled  in  con.     tensions.      One  is  investigated  immediately 

sequence  of  abBorption  of      ^^^^  ^^^^^  ^^^  ^g.   ^j^^  ^^^^^  ^^^^   -^  j^^ 

become  somewhat  limp  through  being  left 
in  the  air.  We  shall  find  the  difference  in  length  between  the 
isolated  epidermis  and  the  isolated  pith  greater  for  the  first  than 
for  the  second,  which  again  indicates  that  the  amount  of  water 
in  the  tissues  is  of  great  significance  in  determining  the  magni- 
tude of  the  tensions  occurring  in  plant  structures.^ 


^  See  ErauB,  Botan,  Zeitung,  1867.  Further  information  of  importance  in 
disBonsing  the  subject  of  tension  in  tissues  will  be  found  in  my  Lehrbuch  der 
Pfianzenphyiiologiet  1883,  p.  229. 


150.    Transverse  Tension. 

To  determine  the  existence  of  transverse  tension  in  any  part  of 
a  stem  structure,  we  cut  out  a  transverse  slice  at  this  place  and 
measure  its  circumference  with  a  strip  of  paper,  then  break  the 
continuity  of  the  peripheral  tissues  by  a  perpendicular  radial  cut 
and  strip  off  the  whole  cortex.  The  isolated  ring  of  cortex  ia  now 
i*eplaccd  in  its  original  position  without  stretching.  It  is  found, 
however,  that  the  cut  surfaces  no  longer  meet  together,  whence 
it  follows  that  the  cortex  must,  in  the  intact  structure,  be  passively 
or  negatively  stretched  (see  Fig.  119).  If  we  measure  the  distance 
between  the  two  ends  of  the  divided  ring  of  cortex  after  it  has 
been  replaced,  and  subtract  the  result  from  the  length  of  the 
circumference  of  the  intact  transverse  slice,  we  obtain  a  number 
which  expresses  the  length  of  the  ring  of  cortex  after  isolation. 
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The  tension  can  finally  be  easily  expressed  in  percentage  of  the 
original  circumference.  Suitable  material  for  determining  the 
existence  of  transverse  tension  is  afforded  by  Helianthns  stems,  or 
five  to  ten  year  old  trunks  or  branches  of  species  of  Prunus, 
Pyrns,  or  Salix.  I  have,  e.g..,  investigated  the  tensions  in  trans- 
verse slices,  5  mm.  in  thickness,  from  branches  of  Prunus  insititia 
and  from  a  Salix.  Circumference  of  discs  106  (Prunus),  and  132 
(Salix),  respectively.  Distances  between  cut  surfaces,  45  and 
6  mm.  respectively.     Tensions,  4*2  and  45  per  cent,  respectively. 

If  in  the  manner  described  we  determine  the  tension  simul- 
taneously at  different  levels  in  a  stem  structure, — if,  e.g.,  we  take 
slices  from  a  stem  of  Helianthus  annuus  at  the  base,  at  the  middle, 
and  at  the  upper  end  respectively,  and  then  in  each  case  isolate 
the  cortex, — it  will  be  found  in  general  that  the  transV^erse  tension 
in  the  younger  parts  of  the  structui-e  is  relatively  small,  but  that 
it  augments  considerably  in  the  older  parts. 

High  transverse  tension  in  stem  structures  is  associated  with 
the  occurrence  of  rapid  growth  in  thickness  in  them.  When  this  is 
proceeding  the  circumference  of  the  central  tissues  (especially  of  the 
wood)  increases  more  rapidly  than  that  of  the  peripheral  tissues. 
These  consequently  become  stretched,  and  shorten  on  isolation. 
But  the  resulting  wood  is  by  no  means  always  of  the  same  circum- 
ference ;  it  may  indeed  vary  considerably  in  size,  which  is  easily 
explained  when  we  consider  that  the  quantity  of  water  of  imbibi- 
tion in  the  wood  at  any  time  exerts 
a  marked  influence  on  its  volume. 
Increase  in  the  quantity  of  water  in 
the  wood  must  consequently  result  in 
increased  tension  in  the  stem.  If,  e.g., 
we  cut  slices  from  a  branch  of  Prunus 
insititia,  determine  the  tension  in 
some  of  the  slices  at  once,  while  the 
others  are  first  placed  in  water  for 
twenty-four  hours,  it  is  found  that  the 

tension  is  greater  in  the  latter  than  ^^^  ii9._Tran8ve«e  slice  of  a 
in  the  former.     In  experiments  which   bough  of  Prunus.   The  coites  has 

I  made  with  Pmnus,  nsing  slices  about  ,'.";:,' ^^^^.'S.^wl'!'"  '"'"  '*'"° 
15  mm.  thick,  and  about  100  mm.  in 

circumference,  the  transverse  tension  increased  from  4*5  to  5*5 
per  cent,  when  the  discs  were  left  in  water  for  twenty-four  hours. 
As  regards  the  relations  between  the  tension  and  other  external 
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factors  (temperature,  light),  I  refer  the  student  to  the  treatise  hj 
G.  Kraus  in  the  BotaniscJie  Zeitung,  and  to  my  Text-Book  of  Plant 
FhyHology.  In  these  places  also  reference  is  made  to  the  im- 
portant, though  certainly  not  yet  sufficiently  studied  phenomena 
of  periodicity  in  tissue  tension. 


151.    The  Growing  Points  and  Growth  in  Length. 

The  growing  points  of  plant  organs  are  of  very  different 
character  as  regards  detail.  For  our  purpose  it  is  sufficient  to 
examine  accurately  the  growing  point  of  Hippuris  Tulgaris.  The 
construction  is  analogous  in  other  cases.  We  cut  off  the  terminal 
buds  of  very  strong  shoots  to  a  length  of  about  1  cm.,  remove 
the  leaves  as  well  as  possible,  and  prepare  delicate  longitudinal 

sections  from  the  buds.  In 
Fig.  120  is  depicted  the 
appearance  of  a  very  suc- 
cessful median  longitudinal 
section.  In  order  to  render 
the  arrangement  of  the 
cells  of  the  vegetative  cone 
clear  and  distinct,  it  is 
necessary  to  clear  the  sec- 
tions. This  is  done  bv 
treating  them  with  con- 
centrated potash  solution, 
and  then  after  washing 
with  water  laying  them 
in  concentrated  Acetic  acid. 
The  dividing  walls  of  the 
cell  layers,  which  are 
placed  over  one  another 
like  mantles,  form  a  series  of  confocal  parabolas.  The  outer- 
most layer  of  cells,  from  which  the  epidermis  proceeds,  we 
term  the  dermatogen,  d.  Then  follows  the  periblem,  pr,  made 
up  of  several  layers,  and  yielding  the  cortex  of  the  stem.  Finally 
comes  the  plerome,  pi,  from  which,  as  can  be  made  out  further 
down  in  the  section,  is  derived  the  axile  vascular  bundle  cylinder 
of  the  stem.     In  Hippuris,  therefore,  but  not  by  any  means  in 


Fio.  120. — Lonf(itudinal  section  through  the 
vegetative  cone  of  Hippuris  vulgaris,  d,  derma- 
togen ;  pr,  periblem ;  pi,  plerome ;  /,  leaf  primor- 
dium.    Magn.  210.    (After  Strasburger.) 
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all  higher  plants,  there  is  a  sharp  division  at  the  vegetative  cone 
between  dermatogen,  periblera,  and  plerome. 

The  arrangement  of  the  cells  in  growing  points  corresponds, 
according  to  Sachs,^  with  his  principle  of  rectangular  division. 
The  anticlinals,  i.e.  the  cell-walls  which  run  at  right  angles  to  the 
surface  of  the  growing,  point,  and  the  periclinals,  i.e.  the  walls 
carved  in  the  same  sense  as  the  surface,  cut  one  another  at  right 
angles.  The  anticlinal  walls  form,  therefore,  a  series  of  orthogonal 
trajectories  with  respect  to  the  periclinals.  The  fact  that  the 
cell- walls  meet  one  another  at  right  angles  is  to  be  observed  very 
generally  in  the  vegetable  kingdom.  We  may  observe  rectangular 
division  in  its  simplest  form  in  filamentous  algae  (e.g.  Spirogyra). 

Errera  *  and  Berthold  ^  have  recently  asserted  that  there  is  a 
still  more  general  principle  than  that  of  rectangular  division  for 
the  arrangement  of  the  membranes.  This  is  the  principle  of 
smallest  surfaces.  Many  phenomena,  e.g.  this,  that  the  cell- walls 
often  meet  one  another,  not  at  right  angles,  but  at  an  acute  angle 
(see  Berthold,  pp.  231  and  253),  are  only  intelligible  on  the  basis 
of  this  principle,  as  the  above  authors  also  show  in  detail.  They 
arrive  at  the  result  that  the  grouping  of  the  membranes  is 
governed  by  the  same  laws  as  regulate  the  development  of  fluid 
sheets.  This,  as  was  shown  particularly  by  Plateau, -is  determined 
by  the  principle  of  smallest  surfaces,  and  it  is  therefore  of  interest 
to  make  some  experiments  oii  the  subject. 

We  dissolve  3  75  gr.  of  powdered  medicinal  soap  (to  be  obtained 
from  the  chemist)  in  a  mixture  of  187*5  gr.  of  distilled  water^  and 
75  gr.  of  concentrated  glycerin.  The  solution  is  once  boiled,  and 
may  then  be  kept  for  a  long  time.  We  now  make  wire  models  of 
different  bodies  (cube,  tetrahedron,  cylinder),  the  wire  being  bent 
80  as  to  form  the  edges  of  the  structures.  In  the  cylinder  the 
upper  circle  is  connected  with  the  lower  by  three  wires.  Models 
about  50  mm.  in  height  are  quite  sufficient.  The  soap  solution  is 
poured  into  a  beaker,  and  the  models  are  now  dipped  into  it  by 
means  of  a  wire  fixed  on  at  a  suitable  place.  On  removing  them 
soap  sheets  are  seen  stretching  from  edge  to  edge.  These  are 
arranged  according  to  the  principle  of  smallest  surfaces,  as  is 
shown  by  special  examination  and  mathematical  calculation.  If 
we  destroy  one  of  the  sheets  by  carefully  touching  it  with  a  glass 
rod,  then  a  new  state  of  equilibrium  is  set  up  in  the  system,  often 
with  production  of  very  remarkable  sheet  forms,  which  however 
always  satisfy  the  above  principle. 
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The  following  experiment  is  very  instructive: — A  wire  square 
of  about  60  mm.  side,  resting  on  four  wire  pins,  say  1  cm.  high,  is 
dipped  in  the  soap  solution  by  means  of  a  wire  fixed  at  a  suitable 
place.  The  model,  on  removal  from  the  solution,  is  placed  in  a 
horizontal  position,  and  on  the  soap  sheet  is  laid  anyhow  a  thread, 
whose  ends  hare  been  knotted  together.  If  we  pierce  the  sheet 
with  a  glass  rod  at  a  point  within  the  area  bounded  by  the  thread, 
the  sheet  at  once  forms  a  minimal  surface,  and  the  thread  conse- 
quently disposes  itself  in  a  circle. 

To  examine  the  growing  points  of  roots, 
we  prepare  median  longitudinal  sections 
from  the  roots  of  Zea  Mais  or  Hordeura. 
Here  also  dermatogen,  periblem  and 
plerome  are  present ;  the  root-cap,  which 
covers  the  tip  of  the  root,  is  very  striking. 
The  cells  of  the  growing  points  of  stem 
and  root  are  seen  to  be  in  a  state  of  active 
division.  The  cells  do  not  undergo  vigorous 
sui*face  growth,  leading  to  elongation  of  the 
organs,  until  they  are  somewhat  older.* 

Regarding  the  further  development  of 
the  elements  formed  in  the  punctnm  vege- 
tationis,  it  is  to  be  emphasized  that  this 
may  take  place  either  at  the  summit  or  at 
the  base  of  the  newly  formed  organ.  We 
will  here  confine  ourselves  to  what  may  be 
observed  in  the  growth  of  the  shoot  axes 
of  higher  plants. 

In  grasses — but  also  in  many  other 
plants — the  basal  tissue  of  the  intemodes, 
surrounded  by  the  leaf  sheaths,  retains 
for  a  considerable  time  a  youthful  character, 
while  the  upper  parts  of  the  intemodes 
have  alieady  passed  over  into  the  state  of 
permanent  tissue.  This  remarkable  fact 
of  the  existence  of  a  basal  intercalary 
zone  of  growth  can  be  readily  demonstrated 
by  the  following  experiment : — We  cut  an 
internode  fron^  a  haulm  of  Secale,  and 
divide  it  into  an  upper  and  a  lower  half. 
We  now  place  the  two  pieces  with  their  lower  ends  in  water,  and 


1 


Fio.  121.— Lower  part 
of  an  internode  from  the 
haulm  of  Socale.  The 
part  a  has  been  raised  by- 
intercalary  growth. 
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cover  them  with  a  bell-glass.  At  the  end  of  twenty-fonr  hours 
we  find  that,  whereas  no  growth  is  to  be  observed  in  the  upper 
half,  growth  has  taken  place  in  the  lower  half.  In  Fig.  121  is 
depicted  the  lower  half  of  an  internode  of  Secale  after  it  has 
been  kept  for  twenty-four  hours  in  moist  air.  K  is  the  node. 
The  part  a  has  been  thrust  by  growth  above  the  out^r  parts. 

In  the  bean  (Phaseolus),  and  in  many  other  plants,  the  region 
of  the  internodes  which  is  in  a  state  of  elongation,  is  situated  at 
their  summit.  If  at  the  upper  end  of  the  second  internode  of  a 
bean,  i.e.  the  segment  of  the  stem  which  follows  the  epicotyl,  we 
make  two  marks  with.  Indian  ink  son^e  distance  fpon^  one  another, 
while  the  third  internode  is  already  in  a  state  of  active  elongation, 
it  will  be  found  at  the  end  of  twenty-four  hours  that  the  distance 
between  the  marks  has  considerably  increased.  The  bean  inter- 
nodes are  still  growing  at  their  upper  ends  after  their  lower  ends 
have  ceased  to  grow.  Their  behaviour  is  thus  quite  different 
from  that  of  the  internodes  of  grasses. 


^  See  Sachs,  Arbeiten  des  botan.  In$titut8  in  WUrzburg^  Bd.  2. 

'  See  Errera,  Ber.  d.  DeuUcken  botan.  Oeteilschaftt  1866,  p.  441. 

^  Berthold,  StiuUen  iiber  Protoplasmameehanik,  1886,  p.  219. 

*  It  may  be  maintain ed,  from  the  results  of  the  recent  researches  of  ^immier- 
mann,  Gorrens,  Zacharias,  Klebs,  and  others,  that  under  normal  conditions 
the  surface  growth  of  the  cell  membranes  is  brought  about  by  apposition  and 
intussusception.  The  former  leads  to  the  on -laying  of  fresh  layers  of  cell 
material,  the  latter  to  the  in-layiog  of  fresh  molecules  of  cellulose.  The  growth 
of  non-turgescent  cells  (see  Untertuchungen  aus  d.  botan.  Inttitut  tu  Tubingen  ^ 
Bd.  2,  p.  561)  is  effected  by  apposition  alone ;  the  normal  growth  in  thickness 
of  cell  membranes  (and  also  the  growth  oi  starch  grains)  likewise  takes 
place  by  apposition. 


152.    Growth  in  ThicknesB, 

Growth  in  thiekne.ss  proceeds  by  no  means  in  one  and  the  same 
way  in  different  plants  and  organs.  We  will  here  confine  our- 
selves to  the  growth  in  thickness  of  the  stem  structures  and  roots 
of  some  dicotyledons. 

We  take  first  for  examination  a  shoot  axis  of  Aristolochia  Sipho, 
3-4  mm.  in  thickness,  employing  either  fresh  material,  or  alcohol 
material.  In  Fig.  122  is  depicted  the  appearance  of  a  delicate 
transverse  section  under  slight  magnification.  We  easily  make 
out  the  general   arrangement,  and  it   may  here  be  particularly 
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noticed  that  the  vascular  bundles,  arranged  in  a  circle,  are  still 
separated  pretty  considerably  from  one  another.  The  fascicular 
cambium,  /c,  of  the  separate  bundles,  composed  of  small  radially 
arranged  cells,  is  continued  between  them  to  form  the  interfasci- 
cular cambium,  i/c,  developed  from  the  parenchyma  of  the  ground 
tissue,  and  thus  a  closed  cambium  ring  is  produced. 

As  the  shoot  continues  to 
develop,  the  cambium  (here 
only   the    fascicular    cam- 
bium) produces  on  the  in- 
side   secondary    wood,    on 
the    outside    bast     tissue. 
The   growth    in     thickness 
thus  brought  about  results 
chiefly  in  a  very  consider- 
able increase  in  the  wood  of 
the  fibro-vascular  bundles, 
as  we  at  once  discern  if  we 
examine  transverse  sections 
from  Aristolochia  stems  10 
mm.  in  thickness.    We  also 
perceive    in  these   perhaps 
ten  primary  medullary  rays, 
which  traverse  the  wood  in 
its     entire     thickness,   and 
therefore   extend  from  the 
cambium  to  the  pith.     Secondary  medullary  rays  are  present  in 
considerable  numbers.      It  is  further  to  be  noted  that  at  the 
periphery  of  the  older  shoots  a  formation  of  periderm  has  set  in, 
and  that  the  closed  ring  of  sclerenchyma  present  in  the  younger 
parts  (see  Fig.  122,  sk)  is  broken  up  into  separate  pieces. 

The  hypocotyl  of  Ricinus  communis  also  afPords  a  favourable 
object  for  the  study  of  the  changes  which  take  place  in  stems 
during  growth  in  thickness.  In  Fig.  112,  p.  309,  is  depicted  the 
appearance  of  a  transverse  section  of  a  vascular  bundle  of  a 
fully  elongated  hypocotyl  of  Ricinus.  We  use  alcohol  material, 
and  make  out  without  any  trouble  the  presence  of  the  fascicular 
and  interfascicular  cambium.  During  growth  in  thickness,  second- 
ary wood  is  deposited  on  the  inside  and  secondaiy  bast  tissue  on 
the  outside. 

We  prepare  a  section  from  the  upper  part  of  a  root  of  a  seedling 


Fig.  122.— Transverse  section  of  a  twig  of 
Aristolochia  Sipho,  6  mm.  in  thickness,  m,  pith ; 
/»,  vascalar  bandies;  vl,  their  vascular  region; 
chf  sieve  region ;  ifc,  interfascicnlar  cambium ;  p, 
phloem  parenchyma  outside  the  sieve  region, 
affording  transition  to  the  grronnd  tissue;  pc, 
pericjcle;  ale,  ring  of  sclerenchyma;  a,  starch 
sheath;  c,  green  cortex;  cl,  collenchyma.  Magn. 
9.     (After  Strasburger.) 
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of  PhaseoluB  multifloraB  which  is  jast  beginning  to  form  the  first 
secondary  roots.  We  perceive  the  epidermis,  the  cortex,  and 
the  central  cylinder  enclosing  the  yascnlar  bandies.  This  is  snr- 
ronnded  in  its  entire  circumference  hy  a  characteristic  tissne 
which  we  term  the  endodermis.  It  ia  specially  characteristic  of 
roots  that  the  wood  and  bast  of  their  vascular  bandies  are  ar- 
ranged in  a  manner  essentially  different  from  that  in  shootti. 
There  are,  viz.,  in  roots  several  lylem  bundles,  with  which  al- 
ternate as  many  phloem  bundles  sitoated  nearer  to  the  periphery 
of  the  central  cylinder.  A  transvei-se  section  of  a  bean  root  shows 
as  foQr  lylem  and  four  phloem  bundles.  We  couseqaently  term 
it  a  tetrarcb  root.  As  with  advancing  development  the  root 
increases  in  thickness,  the  tissue  between  the  xylem  and  phloem 
bundles  is  converted  into  cambtam.  A  closed  cambium  ring 
originates,  which  yields  on  the  inside  secondary  wood,  on  the 
outside  secondary  bast 


1Q3.    Apparatus  for  Heasnring  Growth  UovementB. 

For  demonstrat- 
ing growth  move- 
ments, an  arrange- 
ment first  employed 
by  Sachs,  and 
known  as  the  arc 
indicator,  is  very 
serviceable.  This 
piece  of  apparatns, 
represented  in  Fig. 
123,  in  the  form 
constrncted  by 
Pfeffer,  may  be  ob- 
tained of  Albrecht 
in  Tubingen  at  a 
price  of  60  mks. 

The  thread,  /, 
connected  with  the 
plant,  is  carried 
over  the  pulley,  r, 
which  is  fixed  at 
the  centre  of  the 
quadrant,     q.         I 
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(.■Iiieflj  used  for  iaveetigatiou  seedlings  of  Phaseolna  grown  in 
flower-pots,  in  good  garden  earth,  and  with  the  epicotyl  projecting 
abont  2  cm.  from  the  Boil.  The  thi-ead  can  easily  be  fixed  to  the 
plant  ;by  a  loop.      The    pulley 


bears    > 


one  side  the  indi- 
,  and  on  the  other  the 
1,  which  is  pierped  to 
permit  the  passage  oF  the 
thread,  /,  and  carries  a  movable 
weight,  ft,  which  serves  to 
balance  the  weight  of   the  in- 

IililT:^       in  dicator,  or  give  a  certain  over- 

; 'i||     I)  weight  on  one  side.     It  is  best 

IhIhA  ^  balance  the  indicator  exactly, 

HI  1 1  ^^^  obtain  the   desired   excess 

ll|BI  j  J  j  weight    by    a    thread    suitably 

"'™f  |.\  1 1  carried  over    the    pulley    and 

etretched  by  a  weight.  The 
quadrant  has  a  radius  of  70  cm. ; 
the  pnlley,  r,  is  small,  so  that 
the  growth  movement  is  magni- 
fied abont  43  times  by  the  in- 
dicator, 2.  The  indicator  is  a 
tapering  brass  tube.  The 
quadrant  can  be  moved  up  and  down  on  the  heavy  ii-on  stand, 
e;  it  must  be  Bet  Up  in  Buch  a  way  as  to  be  vibration-free,  e.g. 
on  a  bracket  fixed  to  a  massive  wall, 

For  many  parpoaes  it  is  very  desirable,  and  indeed  often 
essential,  in  accurate  researches  on  growth,  to  have  apparatus  for 
automatically  registering  the  growth.  Sachs'  was  the  first  to 
construct  an  instrument  for  the  purpose,  viz.  the  self-registering 
anxanometer.  After  him  Wiesner,  Baranetzky,  Pfeffer,*  and 
others  described  modified  forms  of  apparatus,  and  perhaps  the 
most  serviceable  is  that  of  PfefFer,  which  may  be  obtained  of 
.Albrecht,  Tubingen,  at  a  price  of  320  marks.  For  success  in  the 
experiments  it  is  naturally  an  important  condition  to  have  the 
apparatus  set   upon  a  table  free  from  vibrations.*     The  thread 

*  The  instrDment  here  deBcribed  and  figured  ia  the  aame  as  that  menticuied 
b;  PfeOei  ia  bis  handbook.  Beaectt;  tbe  auianometer  has  been  etill  further 
impToved  in  some  reep«ct3  b;  PfeSer,  and  the  never  form  ms;  be  obtained  U 
the  Bame  price  from  Tubingen. 


(After  Pfeffer, 
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attached  to  the  plant  is  taken  over  the  small  wheel,  ar,  which  is 
cemented  on  the  large  wheel,  r,  and  accurately  centred  about  the 
same  axis.  A  thread  fixed  to  the  larger  wheel,  and  wound  ix)und 
it,  carries  the  indicator,  r,  which  in  our  arrangement  sinks  as 
growth  proceeds.  The  indicator  is  balanced  bj  a  weight,  gr, 
fastened  to  a  thread  wound  in  the  opposite  direction.  The  drum, 
t,  coated  with  soot,  is  driven  by  clockwork,  actuated  by  a  spring, 
and  regulated  by  a  conical  pendulum,  p.  The  clockwork  is  con- 
tained in  a  heavy  iron  case.  The  drum,  70  cm.  long,  which  may 
be  fixed  centrally  or  excentrically  by  displacement  of  the  support- 
ing axis,  /,  may  moreover  with  the  axis  be  entirely  removed 
(at  Z).  It  makes  one  revolution  per  hour.  The  indicator,  which 
must  not  be  too  light,  is  made  of  brass,  and  horizontal ;  it  is  ar- 
ranged, as  the  figure  shows,  to  trail  on  the  drum,  against  which 
it  is  made  to  press  by  giving  the  thread  a  twist.  If  the  drum  is 
fixed  excentrically,  the  indicator  only  strikes  it  at  intervals,  and 
between  times  slides  on  the  catgut  stretched  between  the  movable 
clips,  h.  In  the  arrangement  here  described,  the  auxanometer 
magnifies  the  growth  fifteen  times. 

The  thread  (silk  thread)  can  easily  be  attached  to  the  plant  by 
making  a  loop  at  one  end  of  it,  passing  the  other  end  thi*ough  it, 
and  finally  laying  the  slip-loop  thus  made  over  the  upper  end  of 
an  intemode,  immediately  below  the  base  of  a  leaf. 

In  order  to  limit  as  far  as  po.s8ible  sources  of  error  arising  from 
hygroscopic  peculiarities  of  the  thread,  it  is  advisable  to  employ 
silk  thread  only  for  the  part  passing  over  the  pulley,  and  connect- 
ing with  the  plant,  for  the  rest  using  fine  silver  or  platinum  wire, 
sharply  bent  at  both  ends,  so  that  small  loops  of  the  thread  can  be 
hooked  on. 

If  the  observations  are  made  in  the  light,  a  mirror  must  be 
placed  in  a  vertical  position  behind  the  plant,  and  parallel  with 
the  window,  in  order  to  exclude  disturbing  heliotropic  curvatures. 
The  experiments,  moreover,  are  to  be  carried  out  in  a  place  subject 
to  the  slightest  possible  variations  of  temperature.  Temperature 
readings  must  of  course  always  be  made  (for  details  see  77).  The 
soil,  in  which  the  plants  must  have  been  rooted  for  a  long  time,  is 
well  watered  some  time  before  the  investigation,  and  must  not  get 
dry  during  the  observations. 

Before  being  used,  the  rotating  cylinder  of  the  apparatus  has  to 
be  coated  with  paper.  To  do  this  we  lay  on  the  table  a  sufficiently 
large  piece  of  paper,  glazed  on  one  side,  go  over  the  rough  side  of 
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the  paper  uniformly  with  a  moderately  moist  sponge,  gum  both 
long  edges,  and  ixjll  the  cylinder  over  the  paper.  When  the  paper 
has  become  dry,  we  pass  the  cylinder  to  and  fro  over  a  large,  broad 
turpentine  flame  so  as  to  coat  it  uniformly  with  soot.  When  the 
auxanometer  is  in  motion  with  the  drum  placed  excentrically,  the 
indicator,  z^  set  in  movement  by  the  growth  of  the  plant,  comes 
in  contact  for  a  time  every  hour  with  the  rotating  cylinder,  and 
removes  the  soot  from  its  surface  at  the  places  of  contact.  The 
lines  thus  produced  are  fixed  by  passing  the  paper  after  removal 
from  the  drum  through  an  alcoholic  solution  of  colophonium,  and 
drying.  If  we  measure  the  distance  between  the  lines,  we  obtain 
a  direct  measure  of  the  growth  movement.  Sachs  has  so  fully  de- 
scribed the  whole  method  of  procedure,  and  the  sources  of  eri-or 
which  it  presents,  that  we  must  refer  for  details  to  his  cited  work, 
especially  pp.  116,  118,  and  119. 

The  self- registering  auxanometer  may  be  used  for  many  re- 
searches on  growth.  It  is  especially  indispensable  when  it  is 
desired  to  obtain  exact  information  as  to  the  character  of  the  daily 
period  of  growth  of  internodes  (see  further  below). 

For  accurate  measurements  of  very  small  growth  movements  of 
vertically  growing  structures,  a  horizontal  microscope  (or  tele- 
scope) is  essential.  The  Quincke-Pfeffer  apparatus  represented  in 
Fig.  125  is  very  suitable  It  may  be  obtained  from  Albrecht,  in 
Tubingen,  at  a  price  of  110  marks. 
The  tube  of  the  microscope  is 
focussed  on  the  object  under  in- 
vestigation by  means  of  the  screw,  t. 
The  pillar,  s,  moving  in  the  tube  A, 
serves  for  coarse  adjustment  in  the 
vertical  direction,  while  the  milli- 
metre screw,  m,  serves  for  fine  ad- 
justment, and  for  re-focussing  when 
the  image  of  the  object  has  run 
through  the  scale  of  the  ocalar 
micrometer.  By  means  of  this 
accurately  cut  screw  we  can  at  once, 
as  with  a  cathetometer,  measure  the 
distance  between  marks  not  simul- 
taneously included  in  the  field  of  view.  For  example,  one  revolu- 
tion of  the  milled  head  may  correspond  with  0*792  mm.,  and  \ 
divisions  can  be  accurately  read  on  the  scale  below  it,  which  is 


Fio.    125.— Horizont<U     uieasurinif 
microscope.    (After  Pfefifer.) 
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divided  into  100  parts.    The  microscope  is  levelled  by  means  of  the 
levelling  screws,  r,  and  the  spirit  level,  I. 

It  remains  to  be  remarked  that  the  focal  distance  of  the  micro- 
scope for  20- fold  magnification  is  80  mm.  The  ocular  micrometer 
is  divided  into  120  parts.  Each  division,  with  20-fold  magnification, 
has  a  value  of  0*07  mm. ;  one  revolution  of  the  screw  as  we  have 
said  corresponds  with  0*792  mm.  The  screw  permits  the  measure- 
ment of  distances  up  to  3  cm.,  the  micrometer  distances  up  to  8  mm. 
Both  ways  of  measuring  may  be  employed. 

In  using  the  microscope  here  described,  it  is  exceedingly  im- 
portant that  it  should  be  fixed  so  as  not  to  vibrate,  e.g,  on  a  suit- 
able bracket,  or  on  a  substantial  table,  supported  by  a  strong 
wooden  tripod,  and  movable  in  avertical  direction.  The  support  also 
carries  a  clinostat  (see  Section  V.),  whose  axis  is  vertical,  so  that 
its  disc  rotates  slowly  in  a  horizontal  plane  (say  once  every  hour). 
As  research  material  we  may  first  work  with  sporophores  of 
Phycomyces  or  Mucor. 

A  piece  of  bread  is  moderately  moistened  with  0*1  per  cent,  grape- 
sugar  solution,  then  sterilised  by  exposure  for  some  time  to  a  tem- 
perature of  100°  C.  in  the  drying  chamber,  and  finally  sown  by  means 
of  a  sterilised  needle  with  a  few  spores  of  Phycomyces  or  Mucor.* 
Mucor  spores  may  readily  be  obtained  as  described  in  36.  The 
bread  is  left  under  a  bell-glass,  in  the  dark,  till  the  sporophores 
have  attained  a  suitable  size ;  it  is  then  placed  in  a  glass  dish 
on  the  disc  of  the  clinostat,  and  again  covered  with  a  bell-glass, 
which,  however,  must  be  tubulated  for  the  accommodation  of  a 
thermometer.  The  sporophores  now  grow  straight  upwards,  even 
in  the  light,  when  the  clinostat  is  set  in  motion.  Under  the  con- 
ditions indicated,  heliotropic  curvatures  cannot  take  place.  Before 
starting  the  clockwork  of  the  clinostat,  we  focus  the  microscope  on 
a  sporophore  in  such  a  way  that  the  top  of  the  sporangium  appears 
to  tonch  one  of  the  divisions  of  the  ocular-micrometer.  If  we  now 
start  the  experiment,  the  disc  of  the  clinostat  making  one  complete 
rotation  per  hour,  it  will  be  found  that  the  sporangium  is  not  again 
distinctly  in  the  field  of  view  for  an  hour.  The  amount  of  growth 
made  during  the  hour  may  readily  be  determined  by  rotating  the 
sci-ew,  m  (Fig.  125).      Not  infrequently  our  sporophores  grow  1-2 


*  If  a  few  sporangia  are  transferred  to  sterilised  water,  they  burst  and 
liberate  their  spores.  It  is  best  to  infect  the  bread  with  a  few  drops  of  the 
spore-containing  fluid  so  obtained. 
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mm.  per  hour,  and  the  experiments  may  be  continued  for  a  long 
time  (for  further  experiments  after  this  method  see  below). 

If  it  is  desired  to  determine  the  growth  in  short  intervals  of 
time  of  the  stems  of  seedlings  {e.g.  in  the  hjpocotjl  of  Lepidium), 
fine  ink  lines  must  be  painted  on  them  with  Indian  ink.  Soon  after 
their  development  has  begun,  the  seedlings  are  fixed  in  small 
glasses  by  means  of  cotton  wool,  in  such  a  way  that  their  roots  dip 
into  water,  or  they  may  be  cultivated  in  small  clay  cylinders  con- 
taining sawdust.  They  are  placed  under  a  bell-glass  and  subjected 
to  slow  rotation  on  the  clinostat.  Sharp  angles  or  projections 
of  the  ink-marks  serve  as  points  of  reference  for  the  measure- 
ments. 


^  See  Sachs,  Arbeiten  d.  hot,  Instit.  in  Wurzhurg,  Bd.  1,  p.  113. 
^  Pfeffer,  Handbuch  d.  Pflanzenphyiiologie,  Bd.  1,  p.  86. 

154.    The  Grand  Period  of  Growth. 

It  is  a  fact  of  fundamental  physiological  significance  that  all 
gi-owing  plant  structures  (roots,  stems,  leaves,  etc.),  even  under 
constant  external  conditions,  do  not  experience  the  same  amounts 
of  growth  in  equal  successive  intervals  of  time.  Every  part  at  the 
commencement  of  its  development  grows  slowly  ;  gradually  its  rate 
of  gix>wth  becomes  more  rapid,  attains  a  maximum,  then  becomes 
more  slow  again,  and  finally  growth  completely  ceases.  To  prove 
this  in  a  general  way  first  of  all,  it  is  sufficient  to  soak  a  few  pea 
seeds,  and  lay  them  in  a  crystallising  glass  containing  enough 
water  to  half  cover  them.  Or  by  means  of  cotton  wool  we  fix  a 
pea  or  bean  seed  which  has  just  germinated  in  the  hole  of  a  cork 
which  closes  a  glass  vessel  containing  water,  so  that  the  root  of  the 
seedling  grows  downwards  in  the  water.  Germination  is  allowed 
to  proceed  in  the  dark,  at  as  constant  a  temperature  as  possible 
(say  20°  C),  and  we  ascertain  every  day  at  a  particular  hour  the 
length  of  the  roots.  It  is  found  that  the  growth  of  each  root  is  at 
first  comparatively  slight,  gradually  becomes  more  considerable, 
sooner  or  later  (in  my  experiments,  made  at  a  temperature  of 
16°  C,  on  the  ninth  day)  attains  a  maximum,  and  then  gradually 
falls  off  again. 

We  soak  good  seeds  of  Pisum,  Phaseolus,  or  Vicia  Faba,  for 
twenty.four  hours  in  water.  The  seeds  are  then  put  into  moist  saw- 
dust, which  has  previously  been  rubbed  down  between  the  flat  hands, 
and  filled  into  large  wooden  boxes  or  flower  pots  to  form  a  loose  seed 


MOVEMENTS  OP  GROWTH.  383 

bed.  Cftre  mast  be  taken  tbut  the  enier^ug  roots  will  not  have  to 
make  carvat  area  in  order  to  grow  vertically  down  wards.  The  Vicia 
ReedR  we  lay  in  the  sawdust  with  the  micropyle  directed  down- 
wards. The  Phaeeolns  seeds  are  laid  horizontally,  so  that  the 
emerging  main  root  forms  a  right  angle  with  the  long  axis  of  the 
seed.  When  the  roots  have  attained  a  length  of  15-2  cm.,  the 
seedlings  are  removed  from  the  bed,  carefully  washed,  dried  with 
a  piece  of  soft  linen,  and  provided  with  marks.  We  use  the  beat 
black  Indian  ink,  rnb  it  with  a  little  water  on  a  porcelain  plate,  and 
paint  fine  lines  on  the  roots  with  a  sable  pencil.  The  distance  be- 
tween the  marks  may  he  1,  1'5,  or  2  mm.,  according  to  circum- 
stances. The  first  line  is  therefore  1,  1'5,  or  2  mm.  distant  from 
the  growing  point,*  the  second  1,  15,  or  2  mm.  from  the  first, 
and  so  forth.  It  is  best  to  take  distances  of  1  mm.  In  marking  the 
roots  it  is  convenient  to  proceed  as  follows : — We  take  a  sheet  of 
cork,  say  2  cm.  thick,  along  the  left  edge  of  which  a  nnmber  of 
large  notches  have  been  made  with  a  rdnnd  file;  from  each  of 
these,  along  the  surface  of  the  cork,  run  in 
different  directions  a   few    grooves    made  ~ 

with  thin  round  files.  We  now  find  a 
notch  in  which  the  seed  with  a  little 
coaxing  will  stick,  its  root  at  the  same  time 
lying  in  one  of  the  grooTea.  Alongside 
the  root  we  lay  a  millimetre  scale,  in  such 
n  nay  that  we  can  draw  the  lines  on  it  as 
continaations  of  the  divisions  of  the  scale. 
The  seedlings,  whose  roots  have  been 
marked,  aro  now  fised  in  glass  cylinders 
by  means  of  long  pins  in  the  manner  in. 
diuated  in  Fig.  126.  I  used  cylinders  abont 
30  cm.  in  height,  and  7-8  cm.  in  diameter, 
and  also  much  larger  ones,  which  are 
preferable.  The  cork,  K,  into  which  the 
pins  are  stuck,  is  cemented  on  the  bottom  of 
the  stopper  with  sealing-wax,  and  is  soaked  ti 
with  water.  The  bottom  of  each  cylinder 
is  covered  with  a  layer  of  water,  so  that  the  roots  are  snrroanded 
by  moist  air.    If  it  appears  to  be  necessary,  we  may  further  sprinkle 

•  The  KTOviag  point  is  of  oonrse  only  Men  indUUnctly  glimmenug  through ; 
it  is  Bitaated  about  0-2-O-5  mm.  trom  the  root  tip. 
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the  roots  now  and  then  with  a  little  water,  or  line  the  cvlinder 
with  moist  blotting-paper.  We  place  the  cylinder  in  the  dark, 
and  expose  the  seedlings  to  a  temperature  as  constant  as  possible 
(e.gr.  20°  C).  We  may  also  allow  the  roots  in  the  cylinders  to  grow 
in  water.  We  nse  vessels  of  about  3  litres  capacity,  half  filled 
with  water,  fix  the  seedlings  on  very  long  pins,  and  let  the  roots, 
but  not  the  receptacles  of  reserve  material,  dip  into  the  water. 

After  twelve  or  twenty-four  hours  it  can  readily  be  determined 
by  measuring  that  the  growth  in  the  youngest  partial  zone,  next  to 
the  growing  point,  has  not  been  excessive.  In  the[next  zone  more 
energetic  growth  is  exhibited.  It  is  one  of  the  following  zones  in 
which  most  rapid  growth  has  proceeded.  Then  come  zones  in 
which  it  is  found  that  the  growth  has  been  slower  again,  and  the 
oldest  parts  of  the  roots  have  undergone  no  growth  at  all  (see  Fig. 
127).      The  older  partial  zones  have  already  passed  beyond  the 

stage  of  strongest  growth ;  the  youngest 
have  not  entered  upon  it,  Each  transverse 
zone  of  a  structure,  like  that  organ  as  a 
whole,  at  first  grows  slowly,  then  more 
rapidly,  attains  a  maximum  rate  of  growth, 
and  finally  grows  more  slowly  again. 
Hence  we  find  also  that  the  youngest  trans- 

Fio.  127.— On  the  left  a  pea  -         _    ,    u*   i.  j       •         xi_ 

seedling  on  whose  root  ink-  ^^rse  zones  of  a  root,  which  e.gr.  during  the 
lines  have  been  painted.   On  first  twelve  hours   have  not   grown    very 

the  riffht  the  pame  seedlinir  ij>         i.i.£ii«         xi  i. 

aftertheroothan  been  grow-  much,  during  the   following  twelve    hours 
ingfor  sometime.  already  gi'ow  more  actively.   At  a  particular 

time  naturally  the  maximum  of  growth  lies  in  these  zones,  but 
later  still  the  rapidity  of  growth  diminishes  again.  It  is  instruct- 
ive to  observe  the  growth  of  the  partial  zones  of  a  root  for  a 
considerable  period,  determining  the  increments  of  growth  at 
intervals  (which  must,  however,  be  comparatively  short,  say  six 
to  ten  hoars).  A  difficulty,  which,  however,  is  not  insuperable, 
lies  in  the  fact  that  the  ink-lines  placed  on  the  root  become 
disintegrated.* 

In  investigating  the  growth  of  the  root,  the  student  will  not 
escape  the  important  fact  that  the  length  of  the  growing  region, 
i.e.  the  length  of  that  portion  of  the  originally  marked  region 

•  See  Sachs,  Arheiten  d.  botan.  Inst,  in  TnVrzfit/r/y,  Bd.  1,  p.  421.  To  Avoid 
mistakes  it  is  better  eaoh  time  to  make  a  fine  ink-line  in  the  middle  of  the 
marks,  and  use  this  line  as  the  point  of  reference  for  the  further  measurements. 
Consult  Sachs  also  for  further  particulars  reppecting  the  methods  here  indicated. 
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in  which,  after  a  certain  time  (say  twenty  hoars),  any  growth 
is  found  to  have  taken  place,  is  always  very  small.  According 
to  the  kind  of  seed,  viz.,  and  the  individuality  of  the  separate 
objects,  the  growing  region  of  the  root  {e.g.  in  Pisum,  Phaseolus, 
etc.)  is  only  about  4-8  mm.  in  length.  The  growing  region  of 
the  stem,  on  the  contrary,  is,  as  we  shall  see,  much  longer.^ 

We  now  proceed  to  follow  closely  the  grand  period  of  growth 
in  the  stem,  and  there  is  no  special  difficulty  in  determining  the 
general  coarse  of  the  growth  in  this  organ.  We  grow  seedlings 
of  Phaseolus  or  Pisum,  rooted  in  loose  garden  earth,  in  absence 
of  light,  keeping  the  temperature  as  constant  as  possible.  By 
single  measurements  made  from  day  to  day  it  can  be  proved 
that  the  internodes  (the  epicotyl  or  succeeding  intemodes)  at 
first  grow  slowly,  then  more  rapidly,  at  a  particular  time  exhibit 
a  maximum  rate  of  growth,  and  then  again  grow  more  slowly. 
Seedlings  growing  in  darkness  (I  experimented,  for  example,  with 
Pisum  plants,  produced  from  large  seeds)  may,  under  some 
circumstances,  produce  very  long  stems,  consisting  of  quite  a 
large  number  of  internodes.  One  plant  which  I  had  under 
examination  produced  a  stem  more  than  500  mm.  in  length, 
and  composed  of  seven  internodes.  If  we  measure  the  length 
of  the  mature  internodes  we  find  that  the  oldest  are  compara- 
tively short,  then  come  longer  ones  (in  my  experiments  the 
fifth  was  the  longest),  and  the  youngest  internodes  are  then 
again  shorter.  It  is  very  generally  observable  that  the  successive 
intemodes,  when  fully  elongated,  are  not  of  the  same  length, 
a  fact  which  finds  a  simple  expression  when  we  say  that  the 
growth  energy  of  the  different  segments  of  the  stem  varies,  owing 
to  internal  causes. 

We  grow  seedlings  of  Phaseolus  multiflorus  in  the  dark  in 
flower  pots.  When  the  epicotyls  have  attained  a  length  of  about 
50  mm.,  we  make,  on  the  most  strongly  developed  stems,  a 
number  of  ink-lines  at  intervals  of  3  to  5  mm.  (for  method 
see  147  and  148).  The  seedlings  are  then  again  placed  in  the 
dark,  the  temperature  being  kept  as  constant  as  possible.  Every 
twenty-four  hours  we  determine  by  measurement  the  amount 
of  growth  in  the  different  partial  zones.  The  growing  region 
of  the  stem,  in  contrast  with  that  of  the  root,  is  very  exten- 
sive. I  found,  for  example,  that  a  length  of  35  mm.  of  the 
Phaseolus  epicotyl  was  in  a  state  of  growth.  In  the  youngest 
(uppermost)  partial  zone,  the  growth  at  the  beginning  of  the 

P.P.  C  C 
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investigation  is  not  very  considerable.  In  the  next  it  is  already 
more  active.  The  maximum  growth  takes  place  in  the  third 
or  fourth  zone;  in  the  following  ones  the  rate  of  growth 
again  diminishes.  If  we  continue  the  observations  for  some  time, 
it  will  be  found  that  the  growth  soon  ceases  in  the  older  zones, 
while  the  maximum  of  growth  is  no  longer  situated  in  the  third 
or  fourth,  but  in  a  younger  zone.  Still  later  the  rate  of  growth 
in  these  latter  partial  zones  in  turn  diminishes.' 

In  order  to  prove  the  existence  of  the  grand  period  in  the 
growth  of  leaves,  we  grow  encumber  or  tobacco  plants  in  lai^e 
flower  pots,  and,  when  a  few  leaves  have  unfolded,  place  over 
them  large  bell-glasses,  keeping  them  in  a  place  where  the  tem- 
perature is  as  constant  as  may  be,  e.g,  in  a  room  with  a  north 
aspect.  The  research  material  is  left  exposed  to  the  light.  Near 
the  base  of  the  blade  of  some  of  the  young  leaves  we  place  a 
dot  of  ink  to  serve  as  a  mark.  Every  day  we  measure  with  a 
millimetre  scale  the  distance  between  the  tip  of  the  leaf  and  the 
dot  at  its  base.  Naturally  the  temperature  ia  always  to  be 
carefully  noted.  During  the  months  of  May  and  June  I  followed 
carefully  the  growth  in  length  of  leaves  of  Aristolochia  Sipho 
growing  in  the  open  air,  and  found  at  first,  when  the  temperature 
was  fairly  constant,  that  the  phenomenon  of  the  grand  period 
of  growth  was  very  clearly  exhibited.  The  growth  during 
the  twenty-four  hours  was  at  first  only  5  mm.,  then  7  mm., 
later  on  10  mm.  Later  still,  owing  to  considerable  variations 
in  the  temperature,  great  irregularities  became  observable  in  the 
growth  of  the  leaves,  but  it  is  nevertheless  instructive  to  repeat 
such  observations,  since  they  show  us  hdw  important  it  is,  in 
studying  the  grand  period  of  growth  in  plant  structures,  not 
to  leave  out  of  consideration,  for  a  moment,  external  influences 
affecting  their  growth.^ 

In  order  to  determine  the  causes  of  the  grand  periods  of  entire 
organs,  we  must,  as  I  have  emphasised  in  my  Lehrbuch  der  Pflan- 
zenphysiologie^  p.  249,  explain  the  variations  exhibited  during 
development  in  the  rate  of  growth  of  the  separate  partial  zones 
of  the  structure.  This  is  done,  as  far  as  at  present  appears 
possible,  in  147,  so  that  we  must  here  refer  the  student  to  the 
account  there  given.  At  the  commencement  of  growth  in  an 
entire  organ,  we  have  at  first  only  the  sum  of  few  and  insig- 
nificant increments  of  growth,  later  more  and  larger  ones,  till 
finally  the  increments  of  growth  again  become  inconsiderable. 
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^  See  Saoha,  ArheiUn  d,  botan,  Itut,  in  IVUrzburg,  Bd.  1,  p.  413. 

*  Ditto,  Bd.  1,  p.  99,  and  Wortmann,  Botan,  Zeitung,  1882. 

■  See  Prantl,  Arbeiten  d,  botan.  Inst,  in  WiUzbury,  Bd.  1,  p.  571. 

155.    Bate  and  Energy  of  Growth. 

Daily  experience  teaches  us  that  the  rate  of  growth  of  plants 
varies  very  considerably.  Even  the  separate  individuals  of  one 
and  the  same  species  under  similar  external  conditions,  eihibit 
different  rates  of  growth.  The  experi- 
menter has  always  to  take  account  in  his 
researches  of  individual  differences  of 
behaviour  in  the  objects  under  investiga- 
tion, such  differences  often  influencing  the 
success  of  the  observations  in  a  very  un- 
pleasant manner.  It  is  therefore  instruc- 
tive to  make  the  following  experiraenti 
Peas,  beans,  or  other  seeds,  as  normal  and 
uniform  as  possible,  are  germinated  in 
large  numbers  in  damp  sawdust.  After 
some  time,  accurate  measurements  of  roots, 
stems,  and  leaves  are  made,  and  from  these 
we  learn  that  corresponding  organs  of 
different  individuals  of  the  same  species, 
in  spite  of  their  having  all  developed 
under  precisely  the  same  external  con- 
ditions, have  by  no  means  grown  at  the 
same  rate.  The  individual  differences  of 
behaviour  in  the  separate  plants,  which 
are  often  considerable,  are  clearly  brought 
out  in  such  observations. 

Under  similar  external  conditions,  how- 
ever, homologous  organs  of  different  species 
of  plants  also  exhibit  specific  differences 
in  their  rate  of  gowth.  The  stems  and 
leaves  of  Aristolochia  Sipho  and  Humulas 
lupulus,  for  example,  grow  comparatively 

rapidly;  the  corresponding  organs  of  other     ^^^    128. -Apparatus  for 
plants  very  slowly.     Again,  the  stems,  e.g.  investigatiDg  the  grovrth  of 
in  Polygonum  Sieboldi,  grow  very  rapidly.  "^'*' 
I  foand,  e.g.,  that  a  shoot  of  this  plant,  which  on  May  3rd  was 
60    cm.    high,  had,   after    twenty-four    hours    in    warm,   damp 
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weather  (evening  temperature  at  11  o'clock  still  15°  C),  reached 
a  height  of  71  pm. 

The  energy  of  growth  is  a  function  of  the  duration  of  the 
growth  and  the  rate  of  growth.  The  energy  of  growth  of  the 
individual  internodjes  of  a  stem,  and  therefore  their  ultimate  size, 
is  not  the  same.  If,  for  example,  pea  seedlings  are  grown  for 
some  weeks  in  darkness,  and  we  determine  the  length  of  the 
different  internodes  when  the  stem  has  quite  ceased  to  grow,  it  is 
found  that  the  lower  internodes  are  short,  the  middle  ones  long, 
and  the  upper  ones  again  shorter.^ 

It  is  further  of  interest  to  learn  that  it  is  possible  to  determine 
the  growth  which  plant  structures  undergo  in  a  short  time,  say 
twenty  minutes.  Attention  h^^s  already  been  drawn,  in  153,  to 
the  methods  to  be  employed  in  accurate  observations.  Here  is  a 
demonstration  experiment.  A  thistle  tube  (T,  in  Fig.  128)  passes 
through  a  rubber  stopper  closing  the  glass  bottle  G,  which  con- 
tains water.  In  the  upper,  expanded  part  of  this  thistle  tube  we 
place  a  seed  of  Pisum  or  Phaseolus,  germinated  in  moist  sawdust, 
and  cover  it  with  wet  cotton-wool.  The  mouth  of  the  tube  is 
covered  with  a  small  glass  plate,  Gp.  The  root  of  the  seedling 
g^ows  quite  well  in  the  moist  air  surrounding  it ;  it  increases 
considerably  in  length.  We  now  place  our  apparatus  on  a  clino- 
stat  (the  apparatus  is  described  and  figured  below),  whose  axis  is 
directed  vertically,  and  put  the  seedling  into  slow  rotation,  in 
order  to  prevent  any  heliotropic  curvature  of  its  root.  Before 
the  clinostat  is  set  in  movement,  we  bring  the  tip  of  the  root  into 
the  field  of  view  of  a  microscope,  directed  horizontally  by  means 
of  a  suitable  stand.  We  naturally  employ  only  slight  magnifica- 
tion. Now  the  clinostat  is  set  rotating,  and  when,  say  after 
twenty  minutes,  the  root  again  appears  in  the  field  of  vision  of 
the  microscope,  it  can  be  demonstrated,  especially  if  the  experi- 
ment is  made  at  a  comparatively  high  temperature  (20°  to  25°) 
that  the  root  has  grown. 

>  See  Detmer,  Lehrbtich  d.  PfianzenphysiologUy  1883,  p.  248. 


156.    Torsions. 

Torsions  are  frequently  to  be  observed  in  internodes,  and  also 
in  leaves.  Beautiful  examples  of  torsion  are  exhibited  by  the 
older  internodes  of  twining  stems,  to  which  we  shall  return  else- 
where, and  in  plants  grown  in   darkness.     Thus,  for  example, 
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flower  stalks  of  Hjacinthns  orientalis,  grown  in  absence  of  light, 
are  frequently  much  twisted;  and  so  also  is  the  hypocotyl  of 
Helianthns  annnns  under  similar  circamstances,  while  the  corre- 
sponding organ  of  seedlings  grown  under  normal  conditions 
exhibit  no  torsions.  If  seeds  of  Helianthns  anna  us  are  laid  in 
damp  sawdust  and  cultivated,  some  in  the  dark,  and  some  in  the 
light,  we  can  easily  satisfy  ourselves  that  this  is  really  the  case. 
It  is  seen  also  that  the  torsions  in  the  etiolated  hypocotyls  do  not 
appear  till  towards  the  end  of  their  growth  in  length.  In  many 
cases  torsions  are  due  to  internal  causes.  Others,  to  which 
attention  may  be  drawn  at  once,  originate  in  quite  a  different 
manner.  The  stem  of  a  vigorous  marrow  plant  grown  in  a  pot 
is  tied  to  a  stick  in  such  a  way  that  it  cannot  execute  curvatures. 
On  the  upper  side  of  some  of  the  leaf-stalks,  and  along  the  mid^ 
ribs  of  their  laminsB,  we  make  a  line  of  ink-dots  ;  and  then,  after 
the  soil  in  the  pot  has  been  secured  by  strips  of  wood,  the  plant 
is  inverted  and  placed  in  the  dark.  Owing  to  various  causes 
(geotropism,  photoepinastic  after-reffects)  the  leaf- stalks,  in  the 
course  of  a  few  hours,  bend  upwards  ;  but  since  the  weight  of  the 
laminee  borne  by  the  stalks  is  hardly  ever  equally  distributed  on 
both  sides  of  the  plane  of  curvature,  torsions  are  produced,  of 
whose  extent  we  can  easily  judge  by  observing  the  ink-marks, 
which  no  longer  lie  in  a  straight  line.  These  torsions  may  be 
rendered  permanent  by  growth.^ 


^  See  H.  de  Yries,  Arheiien  d,  botan.  Inat,  in  Wiirzhurg,  Bd.  1,  p.  268 ;  and 
Sachs,  Lehrbuch  d.  Botdiiik,  1874,  p.  833. 


Ibli    Some  Examples  of  Spontaneous  Nutation! 

We  lay  a  few  soaked  seeds  of  Yicia  Faba  in  loose,  damp  sawdust^ 
micropyle  downwards.  If  we  examine  our  seedlings  carefully 
just  when  the  stenr  begins  to  emerge  between  the  cotyledons, 
we  shall  find  that  they  have  straight  roots,  directed  vertically 
downwards.  We  now  fix  a  number  of  Vicia  seedlings  in  a  suitable 
receiver,  and  exclude  the  light.  At  the  end  of  twenty-four  hours 
we  find  that  the  roots  have  departed  from  their  original  vertical- 
direction.  The  roots  are  curved  in  the  manner  represented  in 
Fig.  129,  a  i*esu1t  due  really  to  a  curvature  in  the  hypocotyl  and 
upper  parts  of  the  root.  The  advancing  root  tip,  in  consequence 
of  the  nutation  which  has  taken  place,  naturally  comes  to  lie 


390 


PHYSIOLOGY  OF  GROAVTH. 


obliquely  to  the  vertical,  and  therefore  seeks,  in  virtue  of  its 
geotropie  irritability,  to  turn  downwards  in  a  curve.  Seedlings  of 
various  other  Papilionacese  behave  in  these  respects  like  the  seed- 
lings of  Vicia;  and  it  is  further  to  be  observed  that  the  roots  exhibit 
the  natation  referred  to,  not  only  in  a  moist  atmosphere,  but  also, 
although  not  to  the  same  extent,  when  grown  in  loose  earth  or 
sawdust.  If  in  the  seedlings  of  the  Papilionaceo)  we  consider 
the  posterior  side  to  be  that  on  which  the  convexity  of  the  stem 
lies  (see  Fig.  129,  H),  the  anterior,  F,  that  towards  which  our 
roots  always  turn,  then  the  median  plane  of  the  seedling  corre- 


Fio.  129.— Seedling  of  Vicla 
Faba. 


Fio.  130.  —  Seedliu^  of 
Phaseolns  multiflorus,  upper 
portion. 


sponds  exactly  with  that  in  which  the  two  cotyledons  ai-e  in  con- 
tact with  each  other.  The  fact  that  the  curvature  of  the  root, 
resulting  from  the  nutation  of  the  hypocotyl  and  base  of  the  i-oot, 
always  takes  place  in  the  median  plane  of  the  seedling,  must,  for 
obvious  reasons,  be  carefully  noted  in  studying  the  behaviour  of 
roots  placed  in  a  horizontal  position.  Thus,  e.g.^  Vicia  seedlings 
on  a  horizontal  surface  must  be  placed  so  that  they  lie  with  their 
right  or  their  left  side — i.e.  the  outer  face  of  one  of  their  coty- 
ledons— on  this  sui-face.^ 

Interesting  examples  of  nutation  are  also  to  be  observed  in 
the  first  segments  of  the  stem  in  many  dicotyledons ;  and  we 
will  study  these  with  some  exactness,  selecting  for  observation 
Phaseolus  multiflorus.     If  we  split  a  seed  which  has  been  placed 
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in  water  till  thorongblj  soaked,  we  observe  a  somewhat  consider- 
able curvature  at  the  apex  of  the  stem  of  the  embryo  which  lies 
between  the  cotyledons.  Daring  the  germination  of  the  seed  this 
curvature  becomes  still  more  marked,  so  that  the  terminal  bud 
emerges  from  the  soil  completely  nodding  over.  The  convexity 
of  the  curvature  now,  and  also  later,  lies  on  the  side  of  the 
epicotyl  remote  from  the  cotyledons — i.e.  on  the  posterior  side  of 
the  epicotyl — and  the  nutation  takes  place  in  consequence  of  more 
rapid  growth  of  this  posterior  side  (see  Fig.  130).  At  a  lies  the 
convexity  of  the  curvature.  If  we  grow  our  Phaaeolus  plants 
constantly  in  darkness,  the  nutation  at  the  upper  end  of  the  seed- 
ling stem  persists  for  a  long  time ;  it  is  only  in  the  last  stages  of 
germination  that  the  terminal  bud  directs  itself  vei*tically  up- 
wards. This  takes  place  very  quickly,  on  the  contrary,  when 
young  seedlings — e.g.  seedlings  whose  terminal  bud  has  just 
broken  through  the  soil — are  exposed  to  the  influence  of  bright, 
diffused  daylight.  The  curved  epicotyl  then  speedily  and  com- 
pletely straightens. 

If  we  make  an  ink-mark  on  a  nutating  epicotyl  of  Phaseolus  at 
the  place  of  greatest  curvature  (Fig.  180  at  a),  we  find  this  mark 
after  twenty- four  or  forty-eight  hours,  the  seedling  having  natur- 
ally been  kept  during  that  period  in  darkness,  at  b.  From 
this  it  is  clear  that  the  originally  nutating  parts  of  the  epicotyl 
gradually  in  the  course  of  growth  straighten.  The  nutation  is 
transmitted  to  the  newly  forming  parts  of  the  stem.  More  exact 
consideration  of  the  marks  also  frequently  shows,  however,  that 
the  plane  of  nutation  is  not  always  the  same.  The  nutation  must 
be  regarded  as  quite  spontaneous.  It  takes  place  even  when  the 
seedlings  are  slowly  rotated  in  the  dark  round  a  horizontal  axis. 
For  further  information  see  the  section  on  experiments  with  the 
clinostat. 

The  angle  formed  by  the  nutating  part  of  the  epicotyl  of 
Phaseolus  usually  amounts  to  180^,  so  that  the  end  bud  of  the 
upwardly  growing  stem  is  directed  vertically  downwards.  In 
more  accurate  observations,  however,  especially  of  very  actively 
growing  Phaseolus  seedlings,  we  find  that  the  angle  does  not 
always  remain  the  same.  If  one  day  it  is  180°,  it  may  on  the 
following  be,  say,  90° ;  on  the  third  145°.* 

It  appears  that  most  structures  exhibit  spontaneous  nutations. 
To  this  class  belong  also  the  circumnutations  of  many  seed- 
lings ;  ^  and  if  we  grow,  e.g.,  oat  seedlings  in  the  dark,  we  can 
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make  out  by  repeated  observations — e.g,  every  quarter  of  an  hour 
— that  the  tip  of  the  plumule,  when  about  1-2  cm.  long,  is  carried 
round  in  space  in  a  more  or  less  circular  line.  I  do  not,  however, 
propose  to  study  circumnutation,  since  the  whole  subject  stands 
in  need  of  searching  critical  investigation,  and  especially  more 
attention  than  hitherto  must  be  paid  to  the  influence  of  external 
conditions. 


>  See  Sachs,  Arbeiten  d,  hot,  InsU  in  Wurzhurg,  Bd.  1,  p.  402. 
2  See  Wortmann,  Botan,  Zeitung,  1882,  No.  52. 
*  See  Darwin,  Movements  of  Plants. 


II.  THE  CONDITIONS  NECESSARY  FOR  GROWTH 
AND  THE  INFLUENCE  OF  EXTERNAL  CONDI- 
TIONS  ON  GROWTH  MOVEMENT. 

158.    Qtowing  Plant  Stmctures  Bequire  Material  for  Growth. 

The  growth  of  a  plant  structure  can  only  take  place  in  a  normal 
manner  when  the  necessary  material  and  energy  for  the  growth  of 
the  individual   cells  are   available.      If,   for  example,   seedlings 
grow  in  complete  darkness,  the  growth  of  the  parts  ceases  when 
the  store  of  reserve  material  is  exhausted.     It  is  instructive  to 
study  in  some  detail    the  connection   between  the  energy   with 
which  growth  takes  place  and  the  stock  of  reserve  material.     For 
this  purpose  we  sow  seeds   of  Phaseolus  multiflorus   in   garden 
earth  in  flower-pots.     One  pot  is  provided  with  as  large  seeds  as 
possible ;  a  second  with  similar  seeds,  from  each  of  which,  how- 
ever, when  germination  has  just  begun,  and  the  main -root  has 
broken  through  the  seed-coat,  one  of  the  two  cotyledons  has  been 
removed.     In  a  third  flower-pot  we  sow  small  Phaseolus  seeds. 
Germination  may  take  place  in  darkness  or  in  the  light.     We  find 
that  the  plants  derived  from  large  seeds  develop  more  vigorously 
than  those  from  small  seeds,  or  from  those  deprived  of  one  of  their 
cotyledons.     In  my  investigations,  which  were  conducted  in  the 
light,  there  were  at  first  no  very  striking  differences  in  the  ap- 
pearance of  the  seedlings.     Such  differences  did  not  appear  till 
the  first  trifoliate  leaf  had  unfolded,  and  the  third  internode  was 
actively  elongating.     The  plants  derived   from  large   seeds   had 
considerably  larger  leaves  and  longer  internodes  than  those  from 
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small  seeds,  or  from  seeds  I'obbed  of  one  of  their  cotyledons.  The 
measurements  of  the  different  parts  of  the  plant  are  easily  made. 
The  stock  of  reserve  material  in  bean-seeds  is  very  large,  so  that 
the  first  stages  of  germination  in  my  experiments  could,  in  all 
cases,  proceed  normally.  At  a  later  stage,  although  assimilatory 
activity  was  not  excluded,  a  considerable  difference  in  the  growth 
of  the  plants  became  apparent,  and  this  could  only  be  referred  in 
the  main  to  the  more  or  less  considerable  stock  of  reserve  material 
in  the  cotyledons  of  the  seeds. 


159.    The  Quantity  of  Water  in  Plants  and  their  Growth. 

Normal  growth  of  the  cells  is  only  possible  when  they  contain 
an  adequate  quantity  of  water.  This  fact  is  easy  to  undei*stand 
from  various  considerations.  Here  it  need  only  be  pointed  out 
that  active  growth  presupposes  energetic  turgor-extension  of  the 
cells,  which  again  is  only  possible  when  the  tissues  are  rich  in 
water.  If  the  turgescence  of  the  cells  sinks,  owing  to  loss  of  water, 
their  rate  of  growth  also  at  once  diminishes.  We  germinate 
maize,  pea,  or  bean  seeds  in  sawdust.  When  the  roots  have 
attained  a  length  of  a  few  cm.,  we  make  fine  ink-marks  on  them 
at  a  distance  of  2  cm.  from  their  tips,  and  fix  the  seedlings  in 
suitable  glass  vessels  in  the  manner  indicated  in  154.  These 
vessels  we  fill  with  different  fluids ;  one  with  spring  water,  a 
second  with  a  0*5  p.c.  solution  of  Potassium  nitrate,  a  third  with 
a  I'O  p.c.  solution  of  the  same  salt,  and  a  fourth  with  a  20  p.c. 
solution  of  it.  The  roots  must  reach  vertically  downwards  into  the 
fluids.  At  the  end  of  twenty-four  or  forty-eight  hours  wo  deter- 
mine the  amount  of  growth  which  the  roots  have  experienced.  In 
each  case  we  employ  three  or  four  seedlings,  and  take  the  average. 
It  is  found  that  the  roots  in  contact  with  spring  water  grow  the 
most  actively.  With  increasing  concentration  of  the  Potassium 
nitrate  solution,  however,  their  growth  becomes  less  vigorous,  from 
the  fact  that  the  solutions  are  now  able  to  remove  water  from  the 
cells,  and  consequently  reduce  their  turgescence.  In  fairly  concen- 
rated  solutions  of  saltpetre  (e.g.  10  p.c.  solutions)  the  roots  do 
not  grow  at  all.  Indeed,  they  become  shorter  since  they  pass  into 
a  state  of  plasmolysis.^ 

It  is  remarkable  that  fungi  continue  to  grow  in  fluids  whose 
concenti'ation  is  much  too  great  for  the  growth  of  higher  plants. 
We  prepare  a  solution  containing  in  every  100  parts  of  water,  04 


394  PHYSIOLOGY  OF  GROWTH. 

parts  of  Ammonium  nitrate,  0*2  parts  of  aoid  Pot&ssinm  phosphate, 
0'02  parts  of  Magnesinm  sulphate,  and  0*01  parts  of  Calcium 
chloride.  Quantities  of  50  c.c.  of  the  fluid  a.ve  placed  in  small 
glass  flasks,  and  treated  respectively  with  5  gr.  (10  p.c),  10  gr. 
(20  p.c),  25  gr.  (50  p.c.)  of  grape-sugar.  The  vessels,  stopped 
with  cotton- wool,  are  sterilised  in  the  steam  apparatus.  For 
observation  we  select  Penicillin m  glaucum.  The  fluids  are  in- 
fected with  spores  of  this  fungus,  and  then  all  exposed  to  the 
same  external  conditions.  It  is  found  that  development  of  the 
fungus  takes  place  even  in  the  50  p.c.  solution,  though  certainly 
it  grows  much  more  slowly  in  this  than  in  the  others.  The  causes 
of  the  growth  of  the  cells  in  fluids  of  high  concentration  is  perhaps 
to  be  sought  in  the  fact  that  these  act  &s  stimuli,  and  so  affect  the 
metabolism  that  an  adequate  elevation  of  the  osmotic  capacity  of 
the  cell  contents  is  produced.^ 


*■  See  H.  de  Vries,  UnterAuchnngen  fiber  die  niechaniteJien  Ur*achen  der  ZelU 
streekung,  Halle,  1877,  p.  56. 

'  See  Esohenhagen,  Einftuu  von  Disungen  auf  doa  Wachsthum  von  Sehimmel- 
piken,  Stolp,  1888. 


160.    Bespiration  and  Growth. 

As  has  already  been  pointed  out  in  108,  some  plants  can  grow 
even  in  complete  absence  of  free  Oxygen.  Most  plants,  however, 
are  only  capable  of  growth  when  free  Oxygen  stands  at  their  dis- 
posal. This  fact  can  easily  be  proved  as  follows.^  Two  retorts 
of  about  90  c.c.  capacity  (see  Fig.  11)  are  filled  with  distilled 
water,  which  has  been  boiled  and  then  allowed  to  completely  cool 
again  without  exposure  to  the  air.  In  each  retort  we  place  some 
air-dry  wheat  grains  or  pea  seeds,  and  then  invert  it  with  its  mouth 
under  mercury.  After  twenty-four  hours,  when  the  seeds  have 
swollen,  we  replace  the  water  of  one  retort  almost  entirely  with 
atmospheric  air,  that  of  the  other  with  pure  Hydrogen.  This  we 
prepare  by  treating  Zinc  free  from  Arsenic  with  dilute  Hydrochloric 
acid,  and  pass  the  gas  through  aqueous  solutions  of  Potassium 
hydrate  and  Potassium  permanganate,  to  free  it  from  injurious 
substances.  In  contact  with  the  air  the  seads  soon  germinate  ;  in 
Hydrogen,  germination  does  not  take  place  at  all.  If,  however,  the 
seeds  have  not  been  kept  too  long  in  the  Hydrogen  (say  only  two 
or  three  days),  they  germinate  when  subsequently  exposed  to  normal 
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germination  conditions.  It  is  further  inatractire  to  experiment 
with  seedlings  (say  Pisnm)  whose  roots  have  already  uttained  ft 
lenjirth  of  ft  tew  cm.,  plftcing  them  in  vessels  of  water  free  from 
air,  aud  isolated  from  the  atmosphere  by  mercnry,  and  then  re- 
placing the  water  in  one  vessel  with  air,  that  in  the  other  with 
Hydrogen.  In  the  air  the  roots  of  the  seedlings  continae  to  grow, 
but  they  do  not  grow  at  all  in  the  Hydrogen,  as  can  readily  be 
proved  by  measaring. 

In  the  manner  described,  it  can  also  be  shown  that  the  germina- 
tion of  the  seeds  will  take  place  in  a  gae  mixture  very  poor  in 
Oxygen  (ft  mixture,  e.g.,  of  air  with  larger  or  smaller  quantities  of 
Hydrogen). 

In  order  to  demonstrate  very  exactly  that  the  higher  plants 
cannot  grow  in  absence  of  Oxygen,  we  proceed  as  follows.  In  a 
test-tube  (ff,  Fig.  131),abont  15  mm.  in  diameter  and  abontfiOcc. 
in  capacity,  we  fix  a 
pea  seedling,  raised  in 
sawdust,  on  whose 
root  iuk -lines  have 
been  painted  as  marks. 
The  inside  of  the  test- 
tube  is  moistened  with 
a  few  drops  of  boiled- 
out  water.  The  test- 
tube  is  closed  with  a 
well-fitting  two-holed 
rubber  stopper. 
Through  one  hole 
passes  the  glass  tnbe 
g,  through  the  other 
the  tube  g',  of  which 
one  limb  can  bedipped 
into  mercury  contained 
ill  the  vessel  Of.  In 
order  to  drive  ont  the 
air  completely,  we  now 
pass  a  stream  of  Hy- 
drogen through  the 
apparatus  for  one  to 
two  hours,  and  then  fuse  up  the  tube  g  at  the  point  i.  The 
Hydrogen  may  be  prepared,  say  in  a  Kipp's  apparatus  (see  102), 
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from  Arsenic-free  Zinc  and  dilate  Hydrochloric  acid.  To  purify 
the  gas,  it  is  passed  through  vessels  containing  solntions  of  potash 
and  Potassium  permanganate.  The  water  intended  for  dilating 
the  Hydrochloric  acid,  and  for  making  the  parifying  solutions, 
may  be  boiled  before  being  used  and  allowed  to  cool  in  closed 
bottles.  That  our  seedlings  do  not  grow  in  the  atmosphere  of 
pure  Hydrogen  is  easily  determined  by  measuring  the  distance 
between  the  marks  on  the  root,  at  intervals  of  a  few  hours,  by 
means  of  the  horizontal  microscope  (see  153).  If  we  open  the 
apparatus,  the  growth  of  the  plants  at  once  begins  again. 

The  seeds  of  dilferent  species  of  plants  appear  to  behave 
differently  in  germination  towards  pure  Oxygen.*  I  found  that 
wheat  gi*ains  germinate  as  rapidly  in  pure  Oxygen  as  in  atmo- 
spheric air.  The  necessary  Oxygen  is  prepared  by  heating  a 
mixture  of  Potassium  chlorate  and  Manganese  dioxide  in  a  retort, 
purified  by  passage  through  potash  solution,  and  led  into  the 
vessels  provided,  in  the  manner  above  indicated,  with  air-free 
water  and  seeds. ^ 


'  See  Detmer,  Landwirthschaftl.  Jahrhiicher,  Bd.  11,  p.  225. 

*  The  older  literature  is  collected  in  my  VerglHchende  Physiologie  d. 
Ktimungtprocesses  der  Samen,  1889,  p.  272. 

3  For  details,  see  Wieler  and  Jentys  in  Untertuchungen  au*  d.  hot,  Inst,  za 
Tubingen,  Bd.  1,  p.  216,  and  Bd.  2. 


161.    The  Influence  on  Growth  of  Pressore  and  Tension. 

From  the  theory  of  growth  it  directly  follows  that  pressures, 
whose  action  on  the  turgescing  cells  consists  in  a  compression  of 
the  stretched  cell  parts  (hyaloplasm  and  cell-wall),  must  retard 
growth.  On  the  contrary,  tension  of  these  parts  will  result  in  an 
acceleration  of  the  rate  of  growth.  Similarly,  pressures  and 
tensions  are  not  without  inflaence  on  the  direction  of  most  vigorous 
growth. 

According  to  the  researches  of  Scholtz  ^  and  Hegler,*  which, 
however,  we  cannot  examine  in  detail,  the  accelei'ation  of  growth 
by  tension  is  by  no  means  always  in  correspondence  with  its 
mechanical  equivalent,  because  if  stems,  for  example,  are  subjected 
to  tension,  their  growth  at  first  becomes  slower,  and  does  not  till 
later  undergo  an  acceleration  corresponding  with  the  mechanical 
equivalent  of  the  tension.     The  tension  at  first  aets  as  a  stimalus 
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to  the  protoplasm.  One  may  imagine  that  the  cell  meml>ranes 
acted  upon  by  the  stimalated  protoplasm  undergo  qualitative 
changes,  which  result  in  retardation  of  their  growth. 

If  we  examine  the  epidermal  cells  of  the  long  leaves  of  many 
monocotyledons,  we  find  that  they  are  much  elongated.  This  is 
due  essentially  to  the  fact  that  the  epidermal  cells  of  these  organs 
are  stretched  by  the  tissue  tensions  mainly  in  a  longitudinal 
direction.  If  we  examine  a  fragment  of  the  epidermis  from  a  leaf 
of  Syringa  or  some  other  dicotyledon,  it  will  be  seen  that  the 
epidermal  cells  are  in  the  form  of  polygonal  plates,  which  is 
certainly  related  to  the  fact  that  the  surface  development  of  the 
leaves  takes  place  in  almost  the  same  manner  in  two  directions. 

We  prepare  transverse  sections  of  a  twig  of  Tilia  parvifolia, 
about  5  mm.  in  thickness.  The  structure  which  reveals  itself  on 
microscopic  examination  has  already  been  described  in  42.  We 
are  here  only  concerned  really  with  the  wood  of  the  vascalar 
bundles.  We  see  that  several  annual  rings  are  present.  The 
spring  wood  passes  quite  gradually  into  the  autumn  wood  of  the 
same  ring,  while  the  spring  wood  of  the  next  ring  is  quite  sharply 
separated  from  the  autumn  wood  of  the  previous  year.  The 
spnng  wood  is  specially  characterised  by  the  presence  of  large 
vessels.  Later  on  these  more  and  more  completely  disappear. 
The  autumn  wood  consists  entirely  of  elements  with  narrow 
lumen. 

Sachs  long  ago  pointed  out  a  connection  between  the  difference 
in  structure  of  the  spring  and  autumn  wood  on  the  one  hand,  and 
the  varying  intensity  of  the  trans verae  tension  during  a  vegetative 
period  on  the  other.  In  the  spring  the  cortex  is  clearly  less 
stretched  than  at  a  later  period,  when  the  formation  of  wood  has 
made  further  progress.  In  the  spring,  therefore,  the  pressure  to 
which  the  wood  is  subjected  is  less  than  at  a  later  period,  and  in 
these  circumstances  is  to  be  sought  the  chief  explanation  of  the 
fact  that  the  wood  elements  formed  from  the  cambium  cells  at 
the  commencement  of  the  vegetative  period  have  wide  lumina, 
whei^as  later,  especially  towards  the  autumn,  only  elements  with 
small  lumen  are  formed. 

We  will  now  see  how  plant  structures  growing  in  thickness  are 
affected  when  artificially  subjected  to  increase  and  diminution  of 
pressure.  We  may  employ  two  to  three-year-old  branches  of  various 
shrubs  or  trees.  Increase  of  pressure  we  obtain  by  winding  a 
piece   of  string,  not  too  thick,  for  a  few  centimetres  round  the 
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branch,  making  the  experiment  at  the  beginning  of  April.  The 
tarns  of  the  spiral  mast  be  as  close  together  as  possible,  and  the 
ends  of  the  string  firmly  tied  together.  Diminution  of  pressure 
we  produce  by  splitting  the  cortex  and  bast  of  a  three-year-old 
bi*anch  for  a  distance  of  about  3  cm.  by  six  equidistant  radial 
longitudinal  cuts.  If  we  examine  the  branches  in  August  we 
shall  find  that  the  diameter  of  the  ligatured  branch  under  the 
ligature  is  considerably  less  than  above  or  below  it,  while,  on  the 
other  hand,  the  reduction  of  pressure  has  induced  a  not  incon- 
siderable acceleration  of  growth  in  thickness  in  the  part  of  the 
branch  subjected  to  it.  For  experiments  on  the  effects  of  increased 
pressure  on  the  growth  in  thickness  of  twigs,  I  employed,  with 
very  good  results,  Salix  cinerea.  The  ligature  was  fixed  at  the 
commencement  of  April,  and  removed  at  the  commencement  of 
August.  The  region  under  the  stiing  wa.s,  at  the  end  of  the  ex- 
periment, much  thinner  than  the  parts  of  the  branch  above  and 
below.' 

'  See  Scholtz,  Cohn*8  Beitrdge  zur  Biologic  der  Pfiamen,  Bd.  4. 

'  See  Hegler,  the  same,  Bd.  6. 

'  Exhaustive  investigations  into  the  anatomical  struoture  of  the  wood  pro- 
duced when  the  pressure  is  artificially  increased  or  diminished  have  been  made 
by  H.  de  Vries.     See  Flora,  1872,  No.  16,  and  1876,  No.  7. 

162.    Influence  of  Temperature  on  Growth. 

It  is  a  well-known  fact  that  in  all  plant  structures  growth  by  no 
means   proceeds   at  the   same    rate    at    different    temperatures. 
Growth  is  only  exhibited  within  particular  limits  of  tempei-atnre. 
At  certain    lower  and  higher  temperatures    growth   completely 
ceases,  and  to  prove  this  for  lower  temperatures  we  conduct  the 
following  experiment: — A  well-developed  pea  seedling,  which  has 
been  grown  in  loose,  moist  sawdust  until  its  main  root  has  attained 
a  length  of  3-4  cm.,  is  placed  in  the  apparatus  depicted  in  Fig.  126, 
together  with  some  moist  cotton  wool.    I  found,  e.g.,  that  at  a  tem- 
perature  of  20°  C.  the  growth  of  the  root,  in  the  course  of  eight 
hours,  was  5  mm.     I  now  left  the  apparatus  for  twenty-two  hours 
in  an  unheated  room,  at  a  temperature  of  l°-2°  C.      At  the  end  of 
this  time  no  perceptible  growth  could  be  determined.     Growth  was, 
however,  observable  (10  mm.)  after  the  apparatus  had  been  left 
for  the  next  eighteen  hours  in  a  room  at  a  temperature  of  15°  C. 

Accurate  researches  on  the  influence  of  different  temperatures 
on  the  rate  of  growth  of  plants  are  very  tedious,  but  we  must. 
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nevertheless,   endeavoar  to  make  ourselves  acqaainted  with  the 
important  phenomena  in  question.     For  the  experiments  we  em- 
ploy seedlings.     The  seeds  from  which  these  are  to  be  obtained 
must  be  carefully  selected.     We  employ  only  seeds   which  are 
uniform,  well  developed,  and  quite  ripe.      We  shall  find  that  these 
germinate  well  if  the  temperatura  is  favourable  (about  20-25°  C.)  ; 
on  the  other  hand,  we  observe  at  once  that  the  power  of  germina- 
tion is  no  longer  so  perfect  at  comparatively  low  or  comparatively 
high   temperatures.      The   seeds   (we    experiment    with    Pis  urn, 
Phaseolus,  Zea,  Cncurbita,  etc.)  are  first  laid  for  twenty-four  hours 
in  water,  so  as  to  get  thoix>ughly  soaked.     We  now  place  them  in 
moist  garden  earth,  in  such  a  position  that,  when  their  main  roots 
emerge,  they  can  grow  straight  downwards  without  needing  to 
undergo  any  considerable  amount  of  curvature.     The  soil  used  is 
humous  garden  soil,   such  as  is  employed  in  the  cultivation  of 
greenhousie  plants.      Before  being  used  it  is  moistened  sufficiently 
to  allow  of  its  being  rubbed  down  between  the  hands  into  a  finely 
crumbled  mass,  riddled  through  a  sieve  with  1'5  mm.  meshes,  and 
then  loosely   filled   into  large  flower-pots.      Finally,  the  soaked 
seeds   are   sown   at  measured   distances   from   one   another,   and 
covered   with  earth,  particular   care  being  taken  that   they   all 
receive  as  nearly  as  possible  the  same  thickness  of  covering.    Each 
flower- pot  is  provided  with  a  thermometer,  which  indicates  the 
temperature  of  the  layer  of  soil  in  which  the  germinating  seeds 
lie.     Care   also   must   be   taken   to   replace   the    water    lost    by 
evaporation.     The  vessels  in  which  the  seeds  are  placed  to  soak, 
as  also  the  flower^pots  in  which  the  seeds  are  sown,  must  be  ex- 
posed to  the  particular  temperatures  whose  influence  on  growth  it 
is  desired  to  determine.    If  we  wish  to  experiment  at  temperatures 
of  25°  30°,  35°,  40°,  or  45°  C,  we  are  obliged  to  place  the  culture 
vessels  in  thermostats,  in  which  the  desired  temperature  can  be 
maintained.     We   use,   e.g.j  the   apparatus   depicted   in   Fig.    76. 
Observations  at  5°,  10°  15°,  20°  C.  are  often  best  made  without 
using  thermostats,  in  suitable  places  unheated,  or  warmed  by  good 
stoves  (in  summer,  e  g,  in  rooms  with  a  north  aspect,  or  in  cellars). 
But  in  the  course  of  the  twenty-four  hours  by  no  means  incon- 
siderable variations  of  temperature  may  take  place.     Particular 
attention  must  be  paid  to  this,  and  the  temperature  of  the  medium 
in  which  the  germinating  seeds  are  situated  must  hence  be  con- 
trolled  several   times   in   the   course   of    the    day.      This    must 
naturally  also  be  seen   to  in   using  the   thermostats.      All   the 
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temperature  readings  mast  be  noted,  so  that  we  may  be  able  to 
calculate  the  mean  temperatare. 

Each  experiment  should  extend  over  forty-eight  to  seventy- two 
honrs,  or  even  longer.  It  begins  the  moment  the  seeds  are  soaked. 
At  the  end  of  the  experiment  we  take  the  seedlings  ont  of  the  soil 
measure  the  length  of  their  roots,  and  so  obtain  numbers  from  which 
we  can  easily  deduce  a  mean  value  for  the  length  which  a  root 
attains  in  a  particular  time  at  a  particular  temperature.  Thus, 
e.g.y  at  25°  C,  the  main  root  of  Zea  Mais  may  attain  a  length  of 
30  mm.  in  the  course  of  forty-eight  hours.  At  34^  C,  a  root  more 
than  50  mm.  in  length  may  be  produced  in  forty-eight  hours, 
while  a  temperature  of  42°  C.  considerably  impairs  the  growth  of 
the  root  of  Zea.  At  15°  C,  also,  the  root  grows  but  slowly,  and, 
therefore,  even  in  ninety-six  hours,  attains  no  considerable  length. 

The  growth  of  the  plant-cells  begins  at  a  certain  lower  limit  of 
temperature  (the  temperature  minimum),  increases  in  rapidity  up 
to  a  certain  point  (the  optimum  temperature),  beyond  which  the 
rate  of  growth  again  diminishes.  The  highest  temperature  at 
which  we  find  growth  to  take  place  at  all  we  term  the  maximum 
temperature.  The  positions  of  the  minima,  optima,  and  maxima 
of  temperature  are  by  no  means  the  same  for  different  structures, 
which  also  finds  expression,  e.g,  as  regards  the  minimum  tempera- 
ture, in  the  readily  determined  fact  that  many  seeds  are  still 
unable  to  germinate  at  all  at  a  tempei'ature  at  which  the  germina- 
tion of  other  seeds  is  possible.  At  10°  C.  the  seeds  of  Cucurbita 
do  not  germinate  even  after  a  considerable  time  has  elapsed, 
whereas  wheat  grains  and  seeds  of  Phaseolus  multiflorus  do 
germinate  at  this  temperature.^ 

In  the  following  table  is  given  the  position  of  the  cardinal  points 
of  temperature  for  germination  of  some  seeds  : — 

Temperature : — 


Minimum 

L.     Optimum. 

Maximum. 

Triticum  vulgare    ... 

50* 

...       287 

...       42  5 

Phaseolus  multiflorus 

9-5 

...       33-7 

...       46  2 

Pisum  sativum 

6-7 

...       26-6 

Zea  Mais          

9-5 

...       337 

...       46-2 

Cucurbita  Pepo 

137 

...       33-7 

...       46-2 

5  temperatures  are  expressed  in 

degrees  Centi 

[grade. 

*  According  to  recent  investigatious,  the  temperatare  minimum  is  nsaallj 
lower. 
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^  Literature :  Saohs,  in  Pringsheim's  Jahrbacher,  Bd.  2  ;  Fr.  Haberlandtf  in 
Wissensehl.'praktisehe  Vntersuchungen  auf  dem  OebUte  des  PJiamenbauet  ;  and 
Detmer,  VergUichende  Physiologie  det  Keimungtproeetses  der  Samen,  1880. 


163.    The  Annual  Period. 

In  many  plants  the  general  coarse  of  development  is  inter- 
rnpted  by  periods  of  rest  to  which  their  organs  are  subjected  at 
particalar  times.  Most  of  our  native  trees  and  shrubs  shed  their 
leaves  in  autumn,  and  the  bads  previoaslj  formed  pass  the  winter 
in  a  state  of  rest,  not  unfolding  till  the  following  spring*  Here, 
undoubtedly,  we  have  to  do  with  a  phenomenon  originally  induced 
by  the  alternation  of  seasons,  bat  which,  as  it  now  presents  itself, 
by  no  means  exhibits  a  direct  dependence  on  external  factors. 
When,  viz.,  the  same  external  conditions  constantly  act  in  definite 
rotation  on  an  individual  plant,  or  on  generations  of  individuals, 
the  plants  thereby  acquire,  in  consequence  of  after-efEects,  specific 
peculiarities  which  may  even  become  hereditary,  and  these  pecu- 
liarities then  frequently  appear  so  firmly  fixed  that  they  very 
largely  determine  the  entire  behaviour  of  the  plant.  This  mast 
especially  be  remembered  when  we  attempt  to  explain  why  the 
winter  buds  of  our  trees  and  shrubs  do  not  always  open  at  once 
when,  under  suitable  conditions,  exposed  in  winter  to  higher 
temperatnre.  The  resting  period  of  bads  is,  it  is  true,  primarily 
indnced  by  the  alternation  of  the  seasons,  bat  ultimately  it  has 
become  in  the  manner  indicated  a  specific  peculiarity  of  the  plant, 
which  cannot  be  at  once  laid  aside. 

If  at  the  end  of  October  twigs  of  Prunns  avium,  not  too  small, 
are  placed  with  their  lower  ends  in  water,  and  kept  in  the  hot- 
house, their  buds  do  not  burst  in  spite  of  the  favourable  conditions 
presented,  but  gradually  die ;  Prunus  twigs,  on  the  other  hand, 
brought  into  the  hothouse  in  the  middle  of  December,  flower  after 
aboat  four  weeks.  If  we  do  not  cat  the  twigs  till  the  middle  of 
Jannary,  they  flower  still  more  rapidly.  Similar  results  are  ob- 
tained with  branches  of  other  trees,  e.g.  Tilia.  Forsythia  twigs 
also  sprout  very  rapidly.  I  placed  some  twigs  in  water  at  the  be- 
ginning of  December,  and  they  unfolded  their  leaves  and  flowers 
in  three  weeks. 

Moreover  the  degree  of  energy  with  which  the  winter  buds  of 
different  kinds  of  plants  develop  when  shoots  cut  from  them  are 
placed  in  water  and  brought  into  a  warm  room  varies  very  much. 

P.P  D  D 
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The  buds  of  willow  shoots,  e.g.,  develop  very  rapidlj,  as  also  do 
those  of  Syringa  (I  foand  that  in  the  hothoase,  twigs  cat  towards 
the  end  of  February  had  unfolded  their  leaves  completely  in  less 
than  fourteen  days),  while  the  buds  of  Laburnum  do  not  succeed 
in  unfolding  quite  so  easily.  Experiments  made  at  different  parts 
of  the  winter,  and  with  different  plants,  furnish  results  which  are 
interesting  in  many  respects.  We  only  require  for  such  experi- 
ments large  branches  or  twigs,  placed  with  their  lower  ends  in 
water,  care  being  taken  that  the  air  around  the  plants  is  not  too 
dry,  to  ensure  which  it  is  generally  better  to  conduct  the  experi- 
ments in  the  hothouse  than  in  the  room. 

If  we  take  potatoes  into  a  warm  room  in  autumn,  and  leave 
them  there  in  a  box,  we  find  that  they  do  not  begin  to  germinate 
till  about  the  new  year.  A  resting  period  is  thus  characteristic  of 
potatoes,  as  also  of  buds.  Miiller-Thurgau  ^  has  attempted  to 
determine  the  cause  of  this  resting  period,  and  I  *  have  occupied 
myself  with  the  same  question.  If  after  they  have  been  lying  in 
the  room  for  some  time,  we  examine  the  potatoes  for  sugar,  by 
rubbing  some  of  them  on  a  grater,  adding  water  to  the  pulp,  and 
then  after  a  time  filtering  ofE  the  fluid  and  testing  it  with  Fehling's 
solution,  we  shall  find  no  glucose  or  only  traces  of  it.  In  January, 
when  the  tubers  begin  to  germinate,  the  quantity  of  sugar  they 
contain  is  still  very  small ;  it  gradually,  however,  becomes  con- 
siderable. If  in  December  we  treat  a  small  quantity  (20  c.c.)  of 
the  fluid  obtained  from  potatoes  with  a  little  thin  starch  paste, 
the  presence  of  diastase  cannot  with  certainty  be  demonstrated 
(for  method,  see  112).  Potatoes  far  advanced  in  germination, 
however,  certainly  do,  as  I  satisfied  myself,  contain  diastase. 

From  this  we  may  assume  that  the  reason  the  potatoes  do  not 
at  once  germinate  in  the  autumn,  is  that  they  are  not  able  to  pro- 
duce quantities  of  diastase  sufficient  for  abundant  production  of 
sugar.  The  quantities  of  sugar  formed  in  the  tubers  in  autumn 
suffice,  it  is  true,  to  maintain  their  respiration ;  but  the  sugar 
does  not  accumulate  to  any  marked  extent  in  the  tissues,  and  is 
not  sufficient  to  ensure  energetic  growth  of  the  buds.  Gradu- 
ally more  and  more  diastase  is  formed  in  the  tubers;  larger 
quantities  of  sugar  are  produced,  and  germination  can  begin.  It 
is  very  probable  that  the  results  to  which  we  are  led  in  studying 
the  resting  period  of  potatoes  are  of  significance  in  explaining  the 
i-esting  period  of  the  winter  buds  of  our  trees  and  shrubs,  and  this 
adds  interest  to  the  following  experiment  of  Muller-Thurgau. 
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A  few  potatoes  are  dug  up  in  August,  and  immediately  put  into 
a  thermostat  at  a  temperature  of  0°  C.  (see  49).  After  about 
four  weeks  the  potatoes  are  placed  in  flower-pots  in  loose,  moist 
garden  earth,  and  exposed  to  conditions  favourable  to  germina- 
tion, light  being  excluded.  The  development  of  the  buds  at  once 
begins,  while  control  experiments  teach  that  tubers  not  previously 
cooled  do  not  by  any  means  germinate  in  autumn,  but  much  later. 
We  have,  therefore,  by  cooling  the  potatoes,  eliminated  their  rest- 
ing period.  It  has  been  shown  in  126  that  at  low  temperatures 
the  tubers  collect  in  their  tissues  considerable  quantities  of  sugar, 
since  under  these  circumstances  the  respiration  of  the  cells  is  veiy 
feeble.  After  the  cooling,  a  fairly  large  quantity  of  plastic 
material  stands  at  the  disposal  of  the  buds,  and  they  can  there* 
fore  rapidly  develop.  In  this  connection  some  observations  which 
I  myself  made  on  Pavia  twigs  are  also  of  interest.  Pavia  twigs, 
cut  in  the  middle  of  January,  placed  with  their  lower  end  in 
water,  and  left  in  the  hothouse,  unfolded  their  buds  in  the  middle 
of  March.  Twigs  of  Pavia  cut  at  the  end  of  October,  and  taken 
into  the  hothouse,  did  not  open  their  buds  till  after  the  middle  of 
March.  The  comparatively  rapid  development  of  the  buds  not 
placed  in  the  hothouse  till  January  is  perhaps  due  to  their  being 
able,  while  in  the  open,  to  accumulate  sagar  in  their  tissues,  in 
consequence  of  the  lower  temperature  to  which  they  were  then 
exposed.  Twigs  removed  to  the  hothouse  as  early  as  October 
have  also  perhaps  produced  sugar ;  but  this,  if  not  very  abundant, 
would  be  used  up  in  respiration,  so  that  the  buds  would  be  unable 
to  unfold  till  March.  At  this  time  certainly  a  specially  energetic 
production  of  diastatic  ferment  takes  place  in  the  twigs;  the 
quantity  of  sugar  now  formed  is  sufficient  not  only  for  the  main- 
tenance of  respiration,  but  also  to  enable  the  buds  to  begin  to 
develop.' 

The  following  observation  is  also  of  interest: — The  willow  (Salix 
fragilis)  mentioned  on  p.  8,  which  was  reared  by  water  culture, 
and  stood  all  the  winter  in  a  warm  room,  kept  perfectly  healthy, 
but  did  not  unfold  its  buds  till  March  26,  1895.  Also  twigs 
cut  from  this  willow  and  placed  in  water  have  only  formed  new 
shoots  within  the  last  few  days.  On  the  other  hand,  shoots  re- 
moved in  the  middle  of  December  from  plants  growing  in  the  open, 
when  placed  in  the  warm  room  in  water,  produced  roots  and  new 
shoots  in  the  course  of  four  weeks. 
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^  See  Miiller-Thargan,  Landtoirthsehl.  Jahrbilcher^  Bd.  11,  p.  813. 

'  See  Detmer,  Pflanzenphysiologiache  Untenuehti^ngen  iiber  Fermentbildung, 
etc.,  Jena,  1884,  p.  41. 

'  The  results  of  A.  Fisoher*s  investigations  also  favour  the  views  above  brought 
forward  (see  Jahrb,  /.  wisseruchl.  Bot.,  Bd.  22,  pp.  127  and  151).  Muller- 
Thurgau  has  recently  taken  a  somewhat  different  view  of  the  cause  of  the  rest- 
ing period  in  plants  [Landwirthtchl,  Jahrb.,  Bd.  14,  p.  878).  See  further 
Askenasy,  Botan.  Zeitung,  1877. 


164.    Growth  of  Plant  Stractures  in  Constant  Darkness. 

Vigorous  growth  ia  constant  darkness  can  naturally  onlj  take 
place  in  strnctnres  which,  even  nnder  these  conditions,  have  at 
their  disposal  considerable  qnantities  of  plastic  material.  Hence 
seedlings  are  especially  suitable  for  the  following  experiments, 
because  in  their  receptacles  of  reserve  material  larger  or  smaller 
quantities  of  plastic  substances  are  in  fact  always  present.  To 
compare  in  a  general  way  the  behaviour  of  plants  when  growing 
in  constant  darkness,  with  their  behaviour  when  growing  under 
normal  conditions  of  illumination,  we  place  a  few  soaked  seeds  of 
Pisum,  Phaseolus,  and  Gncurbita  in  large  flower-pots  filled  with 
moist  garden  earth.  Some  of  the  flower-pots  are  placed  at  the 
window,  so  as  to  be  subject  to  alternation  of  day  and  night ;  others 
stand  immediately  by  them  under  a  large  cardboard  box  covered 
with  black  paper.  It  is  well  to  conduct  the  experiments  in  a  room 
in  which  the  plants  are  only  exposed  to  diffused  light,  since  under 
the  influence  of  direct  sunlight  the  air  in  the  cardboard  box  would 
rapidly  assume  a  very  high  temperature.  It  soon  appears  that 
the  two  sets  of  plants,  those  developing  in  darkness  on  the  one 
hand,  and  those  growing  under  normal  conditions  of  illumination 
on  the  other,  present  a  very  different  appearance.  Leaving 
entirely  out  of  consideration  the  absence  of  green  colour  in  the 
plants  growing  in  the  dark,  we  shall  find,  e.g,^  that  in  Cncnrbita, 
the  hypocotyl  has,  in  darkness,  attained  a  very  considerable 
length,  whereas  in  the  illuminated  plants  it  is  still  comparatively 
short.  The  cotyledons  of  the  shaded  plants  are,  on  the  contrary, 
neither  so  broad  nor  so  long  as  those  of  the  plants  growing  in  the 
daylight.  By  accurate  measurements  (several  plants  must  al- 
ways be  examined  in  order  to  obtain  a  trustworthy  average)  we 
can  prove  this  in  detail.  In  Fig.  132  is  represented  the  aerial 
part  of  an  etiolated  seedling  of  Cncnrbita,  and  in  Fig.  133  the 
corresponding  portion  of  a  normal  seedling.     By  growing  seed- 
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lingB  of  PhaseoluB  in  light  and  darkness  respectivelj  (see  Figs. 
134  and   135)  we  can  also  readil;  make  ont  that  the  hypocotyl 


remains  very  short  even  in  darkness,  while  the  epicotyl  reaches  a 
mnch  greater  length  thaa  !n  light.  The  leaf-stalks  of  the  prim- 
ordial leaves  are  longer  in  darkness  than  nnder  normal  conditions; 
the  blades  of  the  leaves,  on  the  other  hand,  only  attain  their  normal 
form  and  size  in  the  light.  Seedlings  of  PiBQm  and  Vicia  behave 
like  Phaseolns  seedlings.     The  seedlings  of  Tropeolam  majos  also 
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ofFer  excellent  material  for  observation.  In  many  monocotyledons 
(Zea,  Triticnm)  we  find  on  investigation  that  the  leaves  of  seed- 
lings grown  in  continnoos  darkness,  as  compared  with  leaves  of 
the  same  age  which  have  developed  in  the  light,  attain  a  consider- 
able length,  but  remain  narrow.^ 


Fio.  134.— Aerial  part  of  a 
seedling  of  Phaaeolas  grown 
in  the  dark. 


Fia.  135.— Aerial  part  of  a  eeedliog  of  Pbaaeoloa  grown 
under  normal  conditions. 


It  is  of  interest  that  not  only  do  plants  grown  nnder  ordinary 
illumination  on  the  one  hand,  and  in  complete  darkness  on  the 
other,  exhibit  considerable  differences  in  their  entire  development, 
but  that  similar  differences  also  clearly  appear  in  the  cultivation 
of  plants  in  light  of  greater  and  less  intensity.*  To  demonstrate 
this  I  have  employed  wooden  boxes  55  cm.  high  and  of  about  680 
sq.  cm.  area  of  base  for  the  reception  of  the  culture  vessels  and 
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plants.  The  boxes  were  blackened  inside.  Plates  of  glass  could 
be  slipped  in  to  form  the  front.  One  box  may  be  provided  with  a 
sheet  of  ordinary  glass,  another  with  a  single  sheet  of  opal  glass,  a 
third  with  two  sheets,  and  a  fonrth  with  four  sheets  of  opal  glass. 
Plants  are  also,  for  comparison,  grown  in  complete  darkness.  We 
place  the  boxes  in  front  of  the  window  in  a  room  with  a  north 
aspect.  Using  beans,  we  shall  soon  observe  that  the  plants  which 
receive  most  light  produce  the  shortest  stems  and  the  largest 
leaves.  With  diminishing  intensity  of  light,  due  to  interposition 
of  the  sheets  of  opal  glass,  the  length  of  the  stems  increases,  while 
the  size  of  the  leaves  diminishes. 

Various  plants  are  able  to  develop  in  constant  darkness  not  only 
nnmeroas  leaves  and  long  stems,  but  also  flowers.  Thus  if 
Hyacinth  bulbs  are  germinated  in  the  so-called  Hyacinth  glasses  in 
continued  and  complete  absence  of  light,  thoy  will  actually  flower. 
I  satisfied  myself  that  the  flowers,  as  regards  form  and  colour, 
develop  quite  normally  in  absolute  darkness,  behaving  therefore  in 
a  manner  different  from  most  stems  and  foliage  leaves.^ 

It  is  further  of  interest  to  make  the  following  experiment.  We 
raise  plants  of  Phaseolus  multiflorns  in  flower-pots  under  ordinary 
conditions.  When  the  primordial  leaves  have  developed  normally, 
and  the  intemodes  following  the  epicotyl  are  rapidly  elongating, 
we  expose  the  apex  of  a  plant  to  darkness,  leaving  the  rest  of  it 
in  bright  daylight.  This  is  effected  as  follows.  A  stand  carries 
a  large  metal  ring,  on  which  rests  horizontally  a  sheet  of  thick 
cardboard  with  a  hole  in  the  middle  of  it.  The  apex  of  the  plant 
is  passed  through  this  hole,  and  tightly  fixed  in  it  with  cotton 
wool.  Finally  we  place  over  the  bud  a  tall  cardboard  cylinder 
covered  with  black  paper,  with  its  edge  resting  on  the  sheet  of 
cardboard.  In  the  course  of  two  or  three  days  we  shall  find  that 
the  new  intemodes  produced  thus  in  darkness  are  abnormally  long, 
while  the  leaves  remain  small.* 

If  this  experiment  is  to  succeed  well,  the  plants  must  be  put  in 
a  place  where,  at  any  rate  for  a  good  part  of  the  day,  they  receive 

*  Thi4  result  is  not  in  oomplete  aocordanoe  with  certain  statements  of 
Sachs,  Lerturei  on  Plant  Physiology^  p.  532.  In  the  experiments  of  Sachs, 
however,  the  conditions  were  not  the  same  as  in  mine,  since  his  research 
plants  possessed  nnmeroas  leaves,  exposed  to  the  light  and  vigorously  assimi- 
lating. The  darkened  leaves  attained  a  considerable  size,  and  the  like  may 
also  under  similar  conditions  take  place  in  Phaseolus.  The  whole  question, 
however,  demands  farther  experimental  examination.  Consult  Frank,  Lthrhuch 
der  Botanik,  Bd.  1,  and  Amelnng,  Flora,  1894. 
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direct  sanlight,  e.g,  at  a  window.  The  part  of  the  plant  nnder  the 
box  is  prevented  from  becoming  too  warm  hy  means  of  suitably 
placed  screens.  In  my  experiments  I  found  that  the  portions  of 
bean  stems  growing  in  the  dark  were  able  to  twine  round  a 
support. 

*■  See  Sachs,  Botan,  Zeitung,  1863,  Beilage. 

'  See  Detmer,  Vertuchutationen,  Bd.  16, 

*  See  also  Saohs,  ArbeiUn  d,  botan,  ImLin  Wilrsburg,  Bd.  3,  p.  372. 


165.    The  Causes  of  Etiolation. 

It  is  a  fact  that  many  kinds  of  plants,  when  grown  in  absolute 
darkness,  produce  abnormally  long  stems  and  small  leaves.  The 
first  question  which  presents  itself  is  whether  the  peculiar  forma- 
tion of  etiolated  plants  is  not  perhaps  due  to  the  arrest,  in  darkness, 
of  the  assimilatory  activity  of  their  leaves.  To  obtain  an  answer 
to  this  question  we  conduct  the  following  experiments  with  seed- 
lings of  Raphanus  sativus.^ 

Raphanus  seeds  are  soaked  in  water,  and  then  laid  on  coarse 
sand  contained  in  two  small  fiower-pots,  and  watered  with  dilute 
food  solution.  Each  flower  pot  is  then  placed  in  an  arrangement 
such  as  was  described  in  16,  and  represented  in  Fig.  18.  One 
apparatus  is  exposed  to  bright  diffused  daylight,  the  other  is  placed 
close  to  it,  under  a  cardboard  box  covered  with  black  paper.  The 
seeds  soon  germinate,  and  while  the  shaded  seedlings  produce  long 
hypocotyls  and  cotyledons  of  small  width  and  length,  the  illu- 
minated seedlings,  which  have  become  green  in  coloar,  present  a 
perfectly  normal  appearance.  These  last  however,  although  they 
possess  chlorophyll,  cannot  assimilate,  for  they  are  surrounded  by 
air  devoid  of  Carbon  dioxide,  and  therefore  failure  of  assimilatory 
activity  cannot  be  regarded  as  the  caase  of  the  peculiar  formation 
of  etiolated  plants.* 

To  obtain  a  closer  insight  into  the  causes  of  etiolation,  it  is  im- 
portant to  make  the  following  experiment.  A  number  of  Raphanus 
seeds  are  selected  as  nearly  as  possible  of  the  same  size.  We 
determine  the  weight  of  each  individual  seed,  and  only  use  for  the 
experiment  such  as  ai^e  approximately  of  the  same  weight.     After 

*  But  light  may  be  of  importance  for  the  formation  of  specific  substances 
which  are  necessary  for  normal  development  of  the  leaves.  These  bodies  may 
provisionally  be  designated  leaf-forming  substances. 
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soaking  them  we  lay  the  seeds  on  sand  moistened  with  food  solation, 
in  small  flower-pots.  Each  pot  is  provided  with  fonr  or  five  seeds. 
The  cultares  are  placed,  as  above,  in  air  free  from  Carbon  dioxide, 
one  of  them  exposed  to  the  light,  the  other  in  darkness.  Aft'Cr  a 
few  days,  when  germination  is  fairly  advanced,  we  remove  them 
caref ally  from  the  sand,  and  divide  them  np  into  their  separate 
organs.  Seedlings  which  have  not  developed  in  a  pei^ectly  normal 
manner  are  rejected.  For  oar  purpose  we  need  only  proceed  to 
examine  the  hypocotyl  and  the  cotyledons.  We  determine  the 
weight  of  these  organs,  dry  them  in  small  glasses  at  100^  C,  and 
then  again  weigh  them.  With  care  we  obtain  the  following  results. 
The  hypocotyls  of  the  plants  grown  in  the  light  are  absolutely 
poorer  in  dry  substance  than  those  of  the  plants  grown  in  the 
dark.  The  former  contain  a  smaller  percentage  of  water  than  the 
latter.  The  cotyledons  grown  in  light  are  absolutely  richer  in  dry 
substance  than  those  developed  in  darkness.  These  latter  contain 
a  smaller  percentage  of  water  than  the  former.* 

The  problem  now  is  to  explain  clearly  why  etiolated  intemodes 
are  usually  considerably  longer  than  normal  ones,  and  why  the 
leaves  in  absence  of  light  are,  for  the  most  part,  very  backward  in 
development.  As  regards  the  abnormal  elongation  of  etiolated 
intemodes,  it  is  first  to  be  pointed  out,  that  the  membranes  of  the 
elements  of  their  tissues  (epidermis,  coUenchyma,  bast,  wood) 
remain  in  an  early  stage  of  development,  and  do  not  attain  their 
normal  thickness.  This  can  be  proved  by  comparing  epicotyls  of 
Phaseolus  plants  grown  in  the  light  and  in  the  dark  respectively, 
as  regards  the  structure  of  their  wood  elements.  The  tissue  of 
etiolated  intemodes  must,  consequently,  be  more  extensible  than 
that  of  normal  ones,  and  each  individual  cell  of  an  etiolated  stem 
will  also  be  able  to  grow  more  rapidly  than  the  corresponding 
cell  of  intemodes  developed  under  the  influence  of  alternating  day 
and  night,  since  its  membranes  oppose  only  a  comparatively  small 
resistance  to  the  osmotic  pressure.  It  may  here  also  be  pointed 
out,  and  this  stands  in  immediate  relation  to  what  has  been  said, 
that,  as  £i*aus  first  indicated,  the  intensity  of  the  tissue  tension 
(longitudinal  tension)  in  etiolated  intemodes,  is  considerably  less 
than  in  normal  ones.  We  can  satisfy  ourselves  of  this  fact  by 
making  comparative  experiments  in  the  manner  described  in  149, 
on  the  tissue  tension  of  normally  developed  and  etiolated  epicotyls 

*  I  have  already  shown  elsewhere  {yenxichintaiionen^  Bd.  16,  p.  212),  that 
etiolated  plants  are  richer  in  water  than  plants  grown  in  the  light. 
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respectively  of  Phaseolus.    We  examine  plants  of  the  same  age  and 
in  vigprous  growth. 

A  further  reason  for  the  rapid  growth  of  etiolated  intemodes 
appears  in  certain  cases  to  lie  in  the  fact  that  a  greater  osmotic 
pressnre  is  set  np  in  their  cells  than  in  the  cells  of  normal  organs. 
Some  observations  of  Wiesner  and  H.  de  Vries*  indicate  that  etio- 
lated structures  are  relatively  rich  in  organic  acids,  and  as  these 
bodies  are  of  great  significance  in  the  development  of  tailor, 
it  should  be  of  interest  to  investigate  the  matter  more  closely. 
Suitable  research  material  would  be  found  e.g,  in  the  epicotyls  of 
Vicia  sativa  or  Phaseolus.  It  would  only  be  necessary  to  com- 
pare the  acidity  of  organs  grown  in  the  dark  and  of  oi^ans  grown 
in  the  light.     (For  the  method  see  130.) 

Other  observations,  however  (see  PfefFer,  Handbtick,  Bd.  2,  p. 
145;  de  Vries,  Jahrhiicher  f,  wissenschl.  Botanik,  Bd.  14,  p.  561,  and 
Wortmann,  Botan,  Zeitung,  1889,  p.  296),  tend  to  show  that  the 
osmotic  pressure  of  the  cells  of  etiolated  stem  structures  is  not 
^eater  than  that  of  normal  ones.  The  whole  question  requires 
thorough  investigation. 

The  active  growth  of  etiolated  stem  structures  is  due,  therefore, 
to  great  turgor-extension  of  their  cells.  This  in  turn  is  due  to 
increased  osmotic  pressure  of  the  cell-contents  (?),  accompanied 
by  comparatively  slight  power  of  resistance  on  the  part  of  the  cell 
membranes.  From  what  has  been  said  it  may  be  imagined  that 
the  individual  cells  of  etiolated  stems  are  of  greater  length 
than  the  corresponding  cells  of  normal  intemodes.  And  in  fact 
this  is  the  case.  I  have,  for  example,  determined  by  means  of  a 
stage  micrometer  the  length  of  the  pith  cells  from  the  middle 
of  normal  and  etiolated  epicotyls  respectively  of  Phaseolus.  The 
former  were  about  0*2  mm.  in  length  (it  is  always  necessary  to 
measure  a  number  of  the  cells,  and  take  the  mean  value),  the 
latter  two  to  three  times  as  long.' 

As  to  why  the  leaves  of  most  dicotyledons  remain  so  very  small 
in  darkness,  only  the  following  need  here  be  noted.  In  darkness 
the  processes  which  bring  about  a  vigorous  surface  growth  of  the 
cell  membranes  do  not  take  place.  What  these  processes  are  it  is 
not  exactly  known  (see,  however,  the  footnote  on  p.408).  It  is  only 
certain  that  these  processes— and  with  them  the  surface  growth 
of  the  leaf-cells — can  take  place  when  the  plants  are  struck  by  the 
rays  of  light,  even  if  only  transitorily.  An  experiment  of  Bata- 
lin's,  which  may  easily  be  repeated,  clearly  shows  this.     We  grow 


MOVEMENTS  OF   GROWTH.  411 

seedlings  of  Pbaseolus  in  flower-pots  in  darkness.  When  the 
primordial  leaves  have  developed  to  a  certain  extent,  we  select  two 
plants,  a  and  6,  whose  leaves  are  as  nearly  as  possible  of  the  same 
size,  and  measnre  their  length  and  breadth,  a  is  still  left  in  dark- 
ness ;  b  is  exposed  for  abont  two  hours  each  day  during  eight 
days  to  weak  diffused  light,  bat  otherwise  also  remains  in  darkness. 
The  leaves  of  6,  being  only  illuminated  each  day  for  so  short  a 
time,  do  not  become  green.  The  leaves  of  a  remain  small,  while 
those  of   h  grow  considerably.* 

>  See  OodlewBki,  Botan.  Zeitung,  1879. 

*  See  H.  de  Vries,  Botan.  Zeitung,  1879,  p.  852. 

^  See  G.  Erans  in  Pringsheim's  Jahrbilcher,  Bd.  8.  Increased  multiplication 
of  the  cells,  as  well  as  increased  elougation  of  the  cells,  plays  a  part  in  the 
production  of  etiolation. 

*  For  the  literature  on  etiolation,  see  Detmer,  Vergleichende  Physiologie  dt» 
Keitnvngiprocettei  d.  Samen^  1880. 

166.    The  Inflnence  of  Light  on  Growth. 

It  is  well  known  that  light  exerts  a  retarding  influence  on  the 
growth  of  the  most  various  plant  structures.  To  prove  this  fact 
we  make  the  following  observations.  A  considerable  number  of 
well- developed  pea  seeds  are  soaked  and  germinated  in  a  box  filled 
with  damp  sawdust.  When  the  main  roots  of  the  seedlings  have 
attained  a  length  of  2  cm.  we  remove  them  from  the  sawdust,  and 
mark  them,  in  the  usual  manner,  at  a  distance  of  10  mm.  from  the 
root  tip,  with  fine  ink-lines.  Special  care  must  be  taken  that  only 
very  similar  and  perfectly  normal  seedlings  are  employed  for 
further  investigation.  The  culture  of  the  plants  is  continued  in 
glass  cylinders,  about  25  cm.  deep  and  10  cm.  in  diameter,  which 
are  provided  with  suitable  wooden  covers  pierced  with  a  number 
of  holes,  and  which  are  filled  with  spring  water.  We  take  two 
such  cylinders.  Each  is  fitted  up  with  a  fair  number  of  the  seed- 
lings (perhaps  ten  to  fifteen),  which  we  fix  in  the  holes  of  the  cover 
by  means  of  cotton  wool,  and  in  such  a  way  that  their  roots  dip 
into  the  water.  The  roots  in  one  of  the  culture  cylinders  are  left 
exposed  to  the  light;  it  is  desirable  to  place  a  mirror  close  behind 
the  cylinder  and  parallel  with  the  window,  or  to  rotate  the  cylinder 
slowly  on  a  clinostat,  so  as  to  prevent  any  heliotropio  curvature  of 
the  roots.  The  other  cylinder  is  covered  with  black  paper,  so 
that  the  light  cannot  reach  the  roots.  We  conduct  the  observa- 
tions in  summer,  in  a  room  with  a  north  aspect,  and  at  as  high  a 
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temperature  as  possible.  From  time  to  time,  say  every  twentj- 
four  hours,  we  determine  the  aggregate  growth  of  all  the  roots  in 
each  cylinder,  and  we  shall  arrive  at  the  result  that  the  growth  is 
less  in  the  light  than  in  the  absence  of  h'ght. 

If  plants  are  exposed  to  alternation  of  day  and  night,  the  tem- 
perature and  moisture  being  kept  as  constant  as  possible,  it  will 
be  found  that  generally  the  growth  of  their  organs  increases  from 
evening  to  morning,  but  diminishes  from  morning  to  evening. 
This  daily  period  of  growth  is  the  result  of  the  variation  in  the 
conditions  of  illumination  during  the  twenty-four  hours.  In  the 
daytime  the  light  retards  the  growth ;  the  darkness  during  the 
night  accelerates  the  rate  of  growth.  Sachs  ^  has,  by  means  of 
the  auxanometer,  determined  the  fact  that  there  is  a  daily  period 
of  growth  in  the  intemodes  of  various  plants,  and  Prantl  *  has 
similarly  demonstrated  the  existence  of  a  daily  periodicity  in  the 
growth  of  leaves.  The  experiments  necessary  are  very  tedious. 
It  is  simplest  to  demonstrate  the  daily  period  of  growth  in  leaves. 
We  employ  for  the  purpose  the  methods  described  at  the  end  of  154. 
The  plants  (Cucurbita  or  Nicotiana)  are  placed  under  bell-glasses 
in  a  room  with  a  north  aspect,  and  exposed  to  the  alternation  of 
day  and  night,  the  temperature  being  kept  very  high  and  as 
uniform  as  possible.  From  time  to  time  (e.g,  every  three  or  four 
hours)  we  measure  with  a  millimetre  scale  the  distance  between 
the  apex  of  the  leaf  and  the  mark  at  its  base,  taking  care  not  to 
drag  the  leaf  too  much  in  laying  it  out  flat.  It  then  appears  that 
the  growth  is  g^*eater  during  the  night  than  in  the  day.  When 
darkness  comes  on  in  the  evening,  the  growth  of  the  leaves  is 
not  considerably  accelerated  at  once,  but  quite  gradually,  so  that 
the  maximum  of  the  daily  growth  falls  in  the  morning  hours. 
Similarly  the  daylight  does  nob  at  once  reduce  the  rate  of  growth 
of  the  leaves  to  the  minimum ;  the  minimum  rate  of  growth  does 
not  appear  until  evening. 

Similar  results  are  obtained  if  we  determine  the  growth  in 
width  of  the  leaves  as  well  as  their  growth  in  length.  The  neces- 
sary marks  are  made  on  the  edges  of  the  leaves,  in  the  neighbour- 
hood of  the  greatest  diameter,  and  the  distance  between  them  is 
determined  at  intervals  of  three  or  four  hours. 

In  researches  on  the  daily  period  of  growth  of  internodes,  it  is 
very  convenient  to  employ  shoots  of  Dahlia  variabilis  grown  in 
the  light.  The  tubers  are  placed  in  the  soil,  which  is  contained 
in  very  large  flower-pots,  a  good  time  before  the  beginning  of  the 
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investigation,  so  that  the  plants  are  already  rooted.  Several  days 
before  the  beginning  of  the  experiments  the  soil  in  the  flower- pots 
is  thoroughly  moistened,  and  then  in  order  to  prevent  it  from 
drying  np,  which  would  interfere  considerably  with  the  course 
of  the  observations,  the  pots  are  put  into  a  zinc  receiver,  the 
cover  of  which  is  in  halves.  We  employ  an  anzanometer  (see 
153).  The  thread  may  be  fixed  say  below  the  leaves  of  the  third, 
fourth,  or  fifth  intemode.  These  leaves,  and  also  those  below  them, 
it  is  then  advisable  to  cut  off  close  to  the  base,  and  always  deter- 
mine the  total  growth  of  the  parts  of  the  stem  lying  below  the 
point  of  attachment  of  the  thread,  that  is,  e.^.,  of  the  second  and 
third  or  fourth  and  fifth  internode.  The  plants  are  to  be  screened 
from  direct  sunlight ;  they  must  therefore  be  placed  e.g,  in  a  room 
with  a  south  aspect,  at  a  sufficient  distance  from  the  window. 
Mirrors  serve  to  prevent  heliotropic  curvatures  (see  153).  The 
temperature  and  hygrometric  state  of  the  air  are  to  be  deter- 
mined by  means  of  wet  and  dry  bulb  thermometers  hanging  free 
in  the  neighbourhood  of  the  research  plants  (see  76).  In  order 
to  keep  the  air  in  the  laboratory  nearly  uniformly  moist,  the  floor 
must  be  sprinkled  several  times  a  day  with  water.  Attention 
must  also  be  paid  to  the  effect  of  overclouding. 

The  interpretation  of  the  numerical  data  afforded  by  the  tem- 
perature readings  and  the  measurements  of  the  hourly  growth  is 
not  quite  easy.  The  peculiar  relationship  between  amount  of 
growth  and  conditions  of  illumination  stands  out  fairly  clearly, 
if  we  simply  calculate  from  the  hourly  values  the  increments  of 
growth  and  mean  temperatures  for  periods  of  three  hours.  The 
relationship  between  growth  and  conditions  of  illumination  comes 
out  most  clearly  of  all  if  the  results  of  the  observations  are  repre- 
sented graphically.  The  curves  are  plotted  in  the  usual  manner. 
Sachs  {Arheiten  d.  hot,  Inst,  in  Wvrzhurg,  Bd.  1,  pp.  126,  185,  and 
192)  has  drawn  attention  to  some  points  deserving  attention,  which 
for  want  of  room  we  shall  here  pass  over.  The  curves  teach  that 
from  morning  till  evening  the  growth  becomes  less,  while  from 
evening  till  morning  it  increases.  This  stands  out  clearly  even 
when  the  temperature  in  the  night  is  somewhat  lower  than  in  the 
daytime. 

Lastly,  it  is  very  instructive  to  observe  the  growth  of  the  sporo- 
phores  of  Mucor  in  light  and  darkness.  We  proceed  exactly  as 
described  in  153.  The  bell-glasses,  under  which  the  Mucor  plants 
grow,  are  alternately  covered  with  a  cardboard  case,  and  left  un- 
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covered.  During  the  period  of  darkness,  the  growth  of  the  sporo- 
phores  is  more  active  than  in  the  period  of  illnmination  (see  the 
following  table,  and  the  corresponding  graphic  representation) 
It  is  found  that  exposure  to  light  retards  the  growth  in  this  case 
immediately,  while  darkness  immediately  accelerates  it.' 


Time. 

Growth  per  hoar. 

Temperatare  in  de> 
grees  Centigrade. 

8-9,  Forenoon 

2-70 

22-9 

10.        .. 

2-70 

24-3 

11,                 M 

2-30 

260 

12,        „ 

2-90 

250 

1,  Afternoon 

2-70 

25-8 

2,        „ 

3-20 

25-8 

8,        „ 

3-60 

25  2 

4,        „ 

2-90 

250 

^f        t> 

3-20 

251 

6,             ,y 

2-80 

25-3 

0ft» 


Fio.  136.— The  thick  line  indicates  the  alternatiocs 
in  the  rate  of  growth  of  a  Mucor  tube  correspondiLg 
with  altematiooB  ofliffht  at>d  darknesa.  The  fine  line 
is  the  temperature  curve.    (After  Vines.) 


^  See  Sachs,  Arbeiten  d,  botan,  Inst,  in  Wurzburgj  Bd.  1,  p.  99. 

*  See  Prantl,  the  same,  p.  371. 

>  See  Vines,  the  same,  Bd.  2,  p.  133. 


167.    The  Inflnence  of  Illumination  on  the  Germination  of 

Potato  Tubers. 

In  the  antumn,  or  in  the  course  of  the  winter,  we  lay  a  number 
of  potatoes  in  a  box,  and  cover  it  with  a  sheet  of  cardboard  so  as 
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to  screen  them  from  the  light.  Other  potatoes  we  place  in  a  box 
covered  with  a  sheet  of  glass.  The  two  boxes  are  placed  in  front 
of  the  window  in  a  heated  room  with  a  north  aspect.  No  water 
at  all  is  supplied  to  the  tubers.  During  the  winter  the  potatoes 
germinate,  but  whereas  the  shaded  ones  produce  fairly  long  shoots, 
the  shoots  from  the  illuminated  ones  remain  short  and  compact  in 
appearance.  We  may  continue  the  investigation  on  into  the 
summer,  and  it  is  always  found  that  the  development  of  the  first 
internodes  of  the  shoots  arising  from  the  potatoes  can  only  proceed 
normally  in  darkness  (under  ordinary  conditions  in  the  soil).  If 
now  and  then  we  rub  down  on  a  grater  one  tuber  from  each  series, 
treat  the  pulp  in  each  case  with  water,  filter,  and  test  the  filtrate 
with  Fehling*s  solution  for  sugar,  we  shall  find  that  the  one  which 
had  been  shaded  contains  a  large  quantity  of  sugar,  while  that 
which  was  illuminated  contains  none  at  all  or  only  traces.  With 
this  want  of  suitable  plastic  material  in  the  illuminated  tubers  is 
clearly  connected  the  weakly  growth  of  their  shoots.  I  was  the 
first  to  establish  the  fact  ^  that  potato  tubers  germinating  in  the 
light  do  not  contain  sagar ;  Ziegenbein  (Pringsheim's  Jahrbiicher, 
Bd.  25)  pursued  the  matter  further. 

It  is  farther  noteworthy  that  potatoes  placed  under  the  influence 
of  the  light  gradually  become  green.  If  we  examine  under  the 
microscope  delicate  transverse  sections  from  a  potato  which  has 
become  green,  we  find  immediately  below  the  skin  cells  which 
contain  chlorophyll  bodies  with  starch  enclosures.  These  chloro- 
phyll bodies  are  produced  under  the  influence  of  the  light  from 
colourless  amyloplasts  which  the  potatoes  contain. 

The  appearance  of  the  shoots  of  germinating  potatoes  is  quite 
diffei-ent  if  they  are  supplied  with  water.  We  fill  a  few  plates 
with  moist  sand,  and  keep  the  sand  constantly  moist.  A  few 
potatoes  are  pressed  into  the  sand  upright,  with  their  morpho- 
logical base  downwards.  Some  of  the  plates  are  covered  with  a 
large  bell-glass,  the  others  are  placed  in  a  large  zinc  box.  The 
shoots  of  the  illuminated  specimens,  especially  their  first  inter- 
nodes, develop  as  short  thick  structures  provided  with  numerous 
scale  leaves,  but  furthermore  roots  are  formed,  which  penetrate 
into  the  sand.  Here  again  the  shoots  of  the  tubera  kept  in  the  dark 
attain  a  considerable  length  while  remaining  small  in  diameter, 
and  their  root  primordia  burst  out.  In  moist  air,  therefore,  many 
roots  always  develop  on  the  potato  shoots ;  in  dry  air  they  do  not 
develop  at  all,  or  only  to  a  very  limited  extent.     Moreover,  moist 
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air  is  generally  more  favoarable  to  the  development  of  the  stolons 
than  is  dry  air. 

We  lay  potatoes  in  moderately  moist  soil,  so  that  they  are  com- 
pletely covered  by  it.  The  large  flower-pote  containing  the  soil 
are  placed  in  a  warm  room  nnder  a  zinc  receiver.  On  germina- 
tion  the  potatoes  produce  very  long  shoots  with  small  leaves. 
Farthermore  many  aerial  roots  develop,  and  soon  stolons  also,  as 
axillary  shoots,  which  in  the  moist  air  bend  downwards,  and 
frequently  swell  at  their  ends  into  small  tabera.  Frequently, 
however,  the  tubers  are  unstalked  and  seated  directly  in  the  leaf 
axils.  The  development  of  the  plants  under  the  conditions  de- 
scribed is  not  always  exactly  the  same ;  the  variety  of  tuber  is  a 
matter  of  importance  in  this  connection.*  Winter  buds  of  Fagns, 
according  to  recent  researches,  are  said  to  burst  only  in  the  light. 
My  experiments  on  the  subject  are  not  yet  completed. 


^  See  Detmer,  PflanzmphysiologUche  Untersuchungen  iiher  Fermentbildung 
und  fermentative  Processe,  Jena,  1884,  p.  84.  In  my  ezperimentB  no  water  at 
all  was  supplied  to  the  potatoes.  The  water  requisite  for  the  growth  of  the 
shoots  streamed  to  their  cells  from  the  tissue  of  the  tuber. 

'  For  much  detailed  information  see  Yochting,  Bibliotheca  botaniea,  Cassel, 
1887,  Heft  4. 


FIFTH  SECTION. 

Movements  of  Irritation. 

I     THE   MOVEMEI^TS   OF  IRRITATiqX  OF  PROTO- 
PLASMIC  STRUCTURES. 

168.    Protoplasmic  Movements. 

As  the  first  object  for  examination,  we  take  Nitella,  an  alga 
which,  is  fairly  comraon  in  stagnant  waters  poor  in  lime,  employ- 
ing the  yonnger  intemodes  for  microscopic  observation.  Without 
going  further  here  into  the  well-known  peculiarities  of  the 
elongated  cells  of  Nitella,  it  may  be  remarked  that  the  ectoplasm 
(Hautschicht)  or  hyaloplasm  is  specially  well  developed  in  these 
cells.  This  ecfcoplasm,  and  likewise  the  chlorophyll  grains 
embedded  in  it,  are  motionless ;  in  the  granular  layer,  on  the 
contrary,  very  active  movement  can  be  perceived.  We  have  here 
to  do  with  typical  rotation,  for  the  stream  returns  into  itself. 
The  ascending  part  of  the  stream  is  separated  from  the  descending 
part  by  the  indifferent  strip. 

If  we  mount  leaves  from  the  bud  of  Elodea  canadensis  in  a  drop 
of  water,  and  examine  under  the  microscope,  we  recognise  without 
any  trouble  the  parietal  layer  of  protoplasm,  the  protoplasmic 
bands  traversing  the  cell-sap,  the  nucleus,  and  the  chlorophyll 
grains.  We  also  at  once  see  that  movements  are  taking  place  in  the 
protoplasm,  which  are  i*eadily  observable  owing  to  the  change  in 
position  which  the  chlorophyll  grains  undergo.  The  protoplasmic 
movement  in  the  cells  of  Elodea  leaves  is  sometimes  more  of  the 
nature  of   rotation,  sometimes  more  of  the  nature  of  circulation. 

In  this  latter  the  currents,  which  may  occur  both  in  the  parietal 
layer  and  in  the  protoplasmic  bands,  take  the  most  various 
directions ;  often  the  currents  in  one  and  the  same  band  even  are 
differently  directed.  Redistributions  of  mass  take  place  in  the 
protoplasm ;    some   strands    become   thinner,   others    completely 
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disappear,  or  new^  strands  originate,  and  so  forth.  Excellent 
objects  for  the  study  of  the  circnlation  of  protoplasm  are  staminai 
hairs  of  Tradescantia  {e.g.  T.  virginica)  taken  from  opening 
flowers,  and  examined  in  a  drop  of  water  under  the  cover-glass, 
as  also  are  the  hairs  of  the  joung  shoots  of  Cacurbita  Pepo. 

In  the  hairs  of  Tradescantia,  Cncurbita,  etc.,  primary  proto- 
plasmic movement  is  exhibited,  i.e.  the  circnlation  takes  place  in 
perfectly  intact  cells,  and  can  hence  be  at  once  observed  immedi- 
at<ely  after  setting  up  the  preparation.  In  the  leaf -cells  of  Elodea 
(we  select  examples  in  which  we  can  see  the  bands  well,  and  in 
which  not  too  many  chlorophyll  grains  are  present  on  the  near 
walls),  immediately  after  the  leaves  have  been  cut  off,  the  move- 
ment is  only  feeble,  and  often  only  to  be  observed  with  difficulty. 
Gradually,  e.g.  after  half  an  hour  or  an  hour,  it  becomes  more 
vigorous,  and  then  even  tears  away  many  of  the  chlorophyll 
grains. 

Very  generally,  in  perfectly  intact  plant-cells,  the  protoplasm 
appears  at  rest ;  the  movement  only  takes  place  as  the  result  of 
stimuli  due  to  the  injuries  which  are  unavoidable  in  making  the 
preparations.  If  we  remove  strips  of  epidermis  from  maize 
plants  G  cm.  in  height,  and  examine  them  as  is  best  in  4  p.  c. 
cane-sugar  solution  (in  order  to  avoid  the  injurious  effect  of  the 
water),  we  perceive  no  protoplasmic  movement.  Movement  is 
not  clearly  obser viable  till  after  a  quarter  or  half  an  hour.  Here, 
then,  as  in  very  many  other  cases,  the  primary  protoplasmic 
movement  is  entirely  wanting.  The  secondary  movement  which 
sets  in  is  the  result  of  injury.^ 

As  to  the  causes  underlying  protoplasmic  moments  little  is  yet 
known.  In  any  case,  however,  when  protoplasmic  movements 
are  exhibited,  a  whole  series  of  different  processes  are  concerned, 
and  in  different  cases  perhaps  the  chemical  and  physical  antece- 
dents are  not  always  the  same.  Berthold^  has  attempted  to 
make  the  different  forms  of  movement  in  protoplasmic  masses 
intelligible  by  reference  to  the  movements  exhibited  under  certain 
conditions  by  dead  particles. 

It  is  instructive  to  prove  that  inanimate  substances  are  often 
capable  of  movements  which  bear  a  certain  resemblance  to  proto- 
plasmic movements,  a  fact  which,  with  many  other  circumstances, 
must  undoubtedly  receive  consideration  in  founding  a  future 
theory  of  protoplasmic  movements. 

On  a  dry  sheet  of  glass,  resting  on  white  paper,  we  place  with 
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a  glass  rod  a  few  drops  of  not  too  coacentrated  alcoholic  fuchsin 
or  methyl  violet  solation.  The  drops  do  not  spread  themselves  at 
their  edges  uniformly  over  the  glass,  but  there  form,  now  at  one 
point  and  now  at  another,  protrusions  of  the  fluid,  and  we  involun- 
tarily recall  amoeboid  protoplasmic  movements  We  pour  distilled 
water  into  a  carefully  cleaned  glass  dish,  and  drop  small  frag- 
ments of  camphor  on  to  it.  The  particles  of  camphor,  as  they 
very  gradually  dissolve  in  the  water,  fall  into  very  active  move- 
ment, which  I  have  often  seen  to  continue  for  hours. 

If  by  means  of  a  glass  rod,  we  bring  a  trace  of  olive  oil  on  to 
the  water  on  which  the  camphor  is  moving,  the  movement  rapidly 
ceases.  The  spreading  oil,  viz.,  raises  very  considerably  the 
surface  tension  of  the  water,  and  hence  the  phenomenon  described. 
If  a  drop  of  cod-liver  oil  is  treated  with  0*25  p.c.  soda  solution, 
very  interesting  phenomena  of  spreading  appear.  There  are 
changes  in  the  surface  tension  which  appear  quite  sufficient  to 
account  for  the  movements  in  question,  and  changes  in  tension 
also  without  doubt  play  a  great  part  in  connection  with  protoplas- 
mic movements.  Yery  thorough  study  is  still  required,  however, 
in  order  to  comprehend  in  detail  the  complicated  phenomena  as 
they  are  exhibited  in  the  living  cells.^ 

Temperature  has  a  very  important  influence  on  the  rate  of 
movement  of  the  protoplasm.  At  a  low  temperature  the  proto- 
plasm moves  slowly.  With  rising  temperature  the  rate  of 
movement  increases,  until  the  optimum  temperature  is  passed 
(the  optimum  temperature  for  protoplasmic  movement  in  the 
leaf-cells  of  Elodea,  for  example,  lies,  according  to  Velten,*  at 
36°  C),  when  it  again  diminishes.  It  is  instructive  to  determine 
by  observation  that  at  a  particular  temperature,  not  far  removed 
from  that  at  which  the  cells  are  killed,  the  protoplasm  passes  into 
a  state  of  transient  heat-rigor. 

We  warm  some  water  in  a  porcelain  dish  on  the  water-bath. 
Into  the  water  dips  a  thermometer.  We  now  remove  a  strip  of 
epidermis  from  a  young  part,  say  a  young  leaf-stalk,  of  a  plant  of 
Cucurbita  Pepo,  observe  the  occurrence  of  circulation  in  the  pro- 
toplasm of  the  hair-cells,  note  carefully  some  of  the  hairs,  and 
then  with  the  forceps  immerse  the  strip  of  epidermis  in  the  heated 
water  close  to  the  bulb  of  the  thermometer.  If  the  epidermis  is 
left  for  two  minutes  in  water  at  a  temperature  of  46°  C,  it  will 
be  seen  on  examination  under  the  microscope  that  all  movement 
of  the  protoplasm  in  the  hair-cells  has  ceased.     The  protoplasm 
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has  gone  over  into  a  state  of  transient  teat-rigor.  After  one  to 
two  honra,  however,  at  a  lower  temperature,  protoplasmic  move- 
ment is  again  exhibited.^ 

Protoplasmic  movement  is  arrested  at  low  as  well  as  at  high 
temperatures.  In  many  cases  the  temperature  at  which  the  proto- 
plasm, while  not  yet  killed,  is  still,  for  the  time  being,  in  a  state  of 
cold -rigor,  is  to  be  sought  at  2°  or  4°  C.  If,  however,  shoots  of 
Cucurbita  are  kept  in  a  place  at  a  temperature  of  10^  C.  for  some 
time,  in  fact  till  they  cool  down  to  this  temperature,  the  proto- 
plasm in  the  hairs  is  already  in  a  state  of  cold-rigor.  With  rise 
of  temperature  the  circulation  of  the  protoplasm  begins  ag^in. 

By  means  of  special  apparatus  for  regulating  the  temperature, 
we  can  determine  that  with  rise  of  temperature  from  a  minimum, 
the  movement  of  the  protoplasm  becomes  more  active,  proceeds 
most  actively  at  a  particular  temperature  (e.g.  about  35°  C.  in  the 
hairs  of  Cucurbita),  and  at  temperatures  above  this  again  falls 
off. 

A  very  useful  arrangement  of  this  kind  has  been  constructed  by 
Pfeffer,*  but  Sachs'  apparatus,'^  depicted  in  Fig.  137,  may  also  be 
employed.  The  size  of  the  warm  chamber  must  correspond  with 
that  of  the  microscope.  The  case,  approximately  cubical  in  form, 
has  double  walls  below  and  at  the  sides  made  of  sheet  zinc,  and 
separated  from  each  other  by  an  interval  of  25  mm.,  the  space 
between  them  being  filled  with  water.  The  case  is  quite  open 
above,  but  there  is  an  opening  in  the  front  wall,  which  is  closed 
by  a  well- fitting  but  not  otherwise  fixed  sheet  of  glass.  The 
window,  D,  is  of  such  size,  and  so  situated,  as  to  allow  sufiicient 
light  to  fall  on  the  mirror  of  the  microscope  standing  within  the 
case.  The  height  of  the  case  is  so  arranged  that  the  top  of  the 
double  wall  is  on  a  level  with  the  bridge  of  the  microscope,  and  it 
is  provided  with  a  thick  cardboard  cover,  cut  out  so  as  to  fit 
exactly  round  the  bridge.  Close  to  the  tube  of  the  microscope 
there  is  a  round  hole  in  the  cover,  in  which  a  small  thermometer 
fits  tightly,  its  bulb  hanging  beside  the  objective.  The  box  is 
painted  on  the  inside  with  black  varnish,  and  a  piece  of  cardboard 
saturated  with  water  is  placed  under  the  foot  of  the  microscope, 
which  is  thus  made  to  stand  more  firmly.  The  moistened  card- 
board cover  also  serves  the  purpose  of  keeping  the  air  moist  ronnd 
the  object  under  examination.  This  latter  is  easily  focussed  by 
means  of  the  focussing  screw  which  projects  through  the  cover 
two  side  openings,  of  which  the  figure  shows  one,  F,  render  it 
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possible  to  move  the  slide  when  necessary  by  means  of  the  forceps. 
It  is  still  more  coavenieDt  to  attach  the  slide  to  a  wire  which 
passes  throngh  a  corlc   fitting  into   the  opening    F.     The  warm 


Pio.  137.— Wsnn  otwmber.    (A(Mr  8aoh>.| 

chamber  is  to  be  obtained  from  Leitz  in  Wetzlar,  If  it  is  desired 
to  work  at  high  temperatures  (we  cannot  go  bejond  50''  C,  or  the 
objective  will  snfFer),  the  water-jacket  of  the  case  is  heated  by 
means  of  a  apirit-lamp  placed  below ;  when  the  temper&tnre  has 
reached  somewhere  aboat  the  desired  height,  we  replace  the  spirit- 
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lamp  bj  an  oil  float-lamp,  snch  as  is  represented  in  the  flgnre,  and 
wait  till  the  temperature  becomes  constant.  To  get  higher  or  lower 
temperatures,  it  is  sufficient  to  put  into  the  lamp  one,  two,  or  three 
floats  with  night-lights.  To  make  observations  at  low  tempera- 
tures, it  is  merely  necessary  to  put  into  the  water  in  the  box  from 
time  to  time  fragments  of  ice.  It  is  very  desirable  to  wrap  the 
part  of  the  microscope  projecting  from  the  case  with  cotton  wool, 
so  as  to  eliminate  as  far  as  possible  sources  of  error. 

In  accurate  researches  as  to  the  influence  of  temperature  on 
protoplasmic  movement,  it  is  necessary  to  determine  the  time 
taken  by  some  constituent  of  the  cell,  e.g.  a  chlorophyll  grain,  in 
passing  at  a  particular  temperature  from  one  edge  of  the  field  of 
view  across  the  middle  to  the  other  edge.  We  may  also  determine 
the  time  required  by  a  chlorophyll  grain  to  traverse  the  longi- 
tudinal wall  of  a  cell  not  extending  across  the  entire  field  of  view. 

It  is  to  be  observed, 
that  in  judging  the 
rate  of  movement,  we 

Pio.  138.-Ga«  chamber  for  employment  in  micro-       ^^|  attention    tO 

scopioal  researches  (represented  in  section).  j     r   j 

chlorophyll   bodies 
whose  movement  is  free  and  undisturbed  by  othera. 

To  prove  the  important  fact  that  want  of  free  Oxygen  arrests 
the  movement  of  the  protoplasm,  it  is  very  convenient  to  employ 
a  gas  chamber  such  as  that  represented  in  Fig.  138,  and  obtain- 
able from  Albrecht,  Tiibingen,  at  a  price  of  15  mks.     It  is  abont  7 
cm.  long,  4*5  cm.  broad,  and  5  mm.  high,  and  is  made  of  metal. 
At  the  bottom  is  cemented  air-tight  a  rather  large  sheet  of  glass ; 
at  the  top  is  a  circular  opening.     Over  this  is  laid  the  cover-glass, 
from  which  hangs  a  drop  of  fluid  carrying  the  material  to  be 
observed.     The  bottom  of  the  chamber  is  moistened  with  a  thin 
layer  of  boiled-out  water,  to  prevent  the  research  material  from 
getting  dried  up.     The  cover-glass  can  readily  be  fixed  air-tight  by 
means  of  fat.     The  tubes  U  and  E'  serve  to  lead  gas    to   and 
from  the  preparation.     The  Hydrogen  which  is  to  be  employed  is 
prepared  and  purified  in  the  manner  described  in  160.     The  gas 
chamber  is  placed  on  the  stage  of  the  microscope.     We  select  for 
examination  say  staminal  hairs  of  Tradescantia,  or  hairs  from  the 
young  leaf-stalk  of  Cucurbita  Pepo.     It  is  also  convenient  to  experi- 
ment with  infusoria.     We  easily  obtain  them  by  flooding  hay  with 
water,  and  allowing  to  stand  for  about  eight  days.     The  fluid  then 
contains  chiefly  numbers  of  Paramecia,  whose   elongated   bodies 
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are  provided  with  cilia.  We  also  find  Vorticellee.  The  material 
(hairs  or  inf  asoria)  having  been  transferred  to  the  hanging  drop, 
and  the  occurrence  of  movement  having  been  proved,  the  current 
of  Hydrogen  is  at  once  started.  I  have  often  found  it  necessary  to 
continue  the  stream  of  gas  for  some  time  (sometimes  for  several 
hours)  before  the  movements  ceased.  The  streaming  of  the  proto- 
plasm, and  the  free  locomotion  of  the  organisms,  continues  to  take 
place  even  in  presence  of  minimal  quantities  of  Oxygen.  When 
the  protoplasm  has  at  last  become  motionless,  the  state  of  asphyxi- 
ation induced  can  be  relieved  again  by  passing  a  current  of  air.^ 


^  See  Hauptfleiflch  ia  Priogsheim'd  Jahrbacher,  Bd.  2^,  p.  173.  Kienitz- 
Gerlofif,  Botan.  Zeitang^  1693,  holds  the  view  that  normally  plasmio  movement 
takes  place  in  every  living  cell.  This  resalt,  which  merits  caref  al  attention,  he 
arrives  at  partly  from  general  considerations.  If  cells,  removed  from  their 
normal  connections,  at  first  exhibit  no  movements,  this,  according  to  Kienitz, 
is  the  resalt  of  the  mechanical  injury.  The  matter  reqaires  farther  examina- 
tion. 

*  See  Bertbold.  StudUn  Uber  Prutoplasttiameehanik,  Leipzig,  1886. 

^  Farther  investigation  of  these  matters  is  oat  of  place  here.  See  Biitschli, 
Vntersuchunyea  Uber  MikroikopUcJie  ScluitifM  (traunlated  by  £.  A.  Mine  bin) ; 
Verworn,  Bewegungen  der  Uhenden  Substani,  1892;  Detmer,  Beriehte  der 
DeuUclien  botan,  GetcU$cha/t,  Bd.  10,  p.  436 ;  Engelmann,  Unprung  der  Muikel- 
kraft,  1893. 

*  See  Yelten,  Flora,  1876. 

^  See  Sachs,  Flora,  1864,  p.  67. 

'  See  Pfeffer,  Zeitschrift  /.  wutentekl.  Mikroskopier  Bd.  7. 

'  See  Sachs,  Textbook  of  Botany* 

^  See  also  Clark,  Beriehte  dur  Deatsclun  botaa.  GeselUchaftt  Bd.  6,  p.  273. 


169.    The  Free  Locomotion  of  Lower  Organisms  (Movements  of 

SwarmerSy  etc.). 

Many  of  the  lower  plants,  like  typical  animals,  are  capable  of 
free  movement  from  place  to  place.  The  mechanism  of  these 
movements  is  still  not  clear,  and  so  we  shall  not  closely  consider 
the  matter.  We  shall,  however,  attempt  to  demonstrate  the 
movements  themselves,  and  determine  how  they  are  influenced  by 
external  conditions. 

We  will  first  take  for  examination  Eaglena  viridis,  which  fi'om 
the  morphological  point  of  view  is  certainly  not  related  to  typical 
algaB  but  to  the  infusoria,  but  which,  in  moi-e  than  one  physio- 
logical  respect,  is   allied  to  the  algse.     The  material  is  easy  to 
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obtain,  being  fonnd  in  stagnant  water,  street  gntters,  etc.  In 
order  to  obtain  very  vigorous  individuals  for  examination,  I  first 
cultivate  the  Euglena  material  for  a  few  days  on  bits  of  turf 
placed  in  a  dish  containing  food  solution  snoh  as  used  in  water- 
culture  experiments.  The  fragments  of  turf  are  only  about  half 
immersed  in  the  fluid,  and  the  green  Euglena  material  is  simply 
placed  on  their  moist  upper  surface.  The  cultui'e  vessels  are 
left  for  a  few  days  before  a  window  with  a  south  aspect,  and  the 
fragments  of  turf  are  then  placed  in  a  porcelain  dish,  flooded  with 
spring  water,  and  left  in  the  water  for  a  few  hours.  During  this 
time  many  Eaglena  swarmers  collect  in  the  water.  Examination 
under  the  microscope  shows  that  the  body  of  Euglena  viridis  is 
spindle-shaped.  Nucleus  and  chlorophyll  bodies  are  present. 
At  the  anterior  end,  which  bears  a  long  cilium,  are  seen  vacuoles 
and  a  red  eye  spot.  According  to  Klebs  the  Euglena  is  clothed 
throughout  its  life  by  a  membrane,  and  under  favourable  external 
conditions  the  EnglenaB  pass  into  a  resting  state,  in  which  they 
are  immotile.  The  free  forward  movements  of  the  EuglensB  are 
effected  by  means  of  the  cilium,  and  are  always  accompanied  by 
a  rotation  of  the  whole  organism.  In  order  to  follow  exactly 
these  movements  of  progression,  we  dip  a  tube  into  the  water 
containing  the  bits  of  turf,  and  introduce  some  of  the  swarmers 
into  the  hanging  water  drop  of  a  small  moist  chamber,  and 
observe  under  the  microscope  (as  regards  the  preparation  of  the 
moist  chamber,  see  138).  The  swarmers  are  capable  of  move- 
ment both  in  complete  darkness  and  in  the  light.  The  light 
nevertheless  exerts  a  directive  influence  on  the  movement  of 
Euglena,  which  therefore  comes  under  the  category  of  photo- 
tactic  organisms.  At  the  commencement  of  our  experiment  the 
swarmers  are  distributed  pretty  uniformly  in  the  hanging  drop  of 
the  moist  chamber,  but  it  can  et^sily  be  determined  under  the 
microscope,  that  nearly  all  of  them,  especially  if  we  cut  off  the 
light  reflected  from  the  mirror,  very  i*apidly  collect  on  the  side  of 
the  drop  towards  the  window,  i,e,  towards  the  source  of  light.  If 
we  rotate  the  slide,  with  the  mois^  chamber,  thi*ongh  an  angle  of 
180^,  the  swarmers  again  fall  into  lively  movement,  and  endeavour 
to  reach  once  more  the  margin  of  the  drop  which  is  directed 
towards  the  source  of  light.  We  can,  however,  only  observe  these 
phenomena  when  the  light  to  which  the  swarmers  are  exposed 
is  not  too  intense.  With  more  intense  light,  most  of  the  swarmers 
collect,    not   at  the   illuminated   edi^Q  of   the   di'op,   but  at   the 
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opposite  edge.  Under  these  conditions,  therefore,  thej  recede 
from  the  light. 

If  a  shallow  plate  is  filled  with  water  well  stocked  with  Euglenae, 
and  placed  near  a  window,  the  swarmers  collect,  if  the  light  is 
not  too  intense,  on  the  window  margin  of  the  plat«e.  If  we  rotate 
the  plate  throagh  180^  most  of  the  swarmers  again  rapidly  group 
themselves  on  the  window  side.  In  such  experiments  with 
Euglena  I  have  frequently  observed  such  a  lively  movement  of 
the  swarmers  towards  the  source  of  light,  that  the  directive 
influence  of  the  light  rays  could  be  demonstrated  with  the  same 
material  several  times  in  the  CK>urse  of  an  hour. 

Under  certain  conditions,  especially  when  their  free  forward 
movement  is  arrested  {e.g.  in  our  moist  chamber,  by  their  collec- 
tion in  the  illuminated  margin  of  the  drop),  the  shape  of  the 
Euglena  swarmers  changes  in  a  striking  manner  (metaboly). 
Euglena  viridis  as  a  rule  swells  in  the  middle  and  draws  itself 
out  thin  at  the  ends ;  the  swarmers  of  other  species  of  Euglena 
curve  into  the  form  of  a  crescent. 

Suitable  material  for  the  observation  of  swarming  movements 
is  also  found  in  Hiematococcus  lacustris,  an  alga  which  at  Jena 
for  example  is  found  in  the  Leutra,  colouring  the  stones  on  which 
it  occurs  a  beautiful  red.  We  place  a  few  of  the  stones  bearing 
the  H»matococcus  in  a  large  shallow  dish  the  bottom  of  which 
is  only  just  covered  with  water,  put  a  sheet  of  glass  over  the  dish, 
and  let  it  stand  for  several  days.  Then  a  number  of  the  stones 
are  placed  in  another  vessel  and  flooded  with  water.  We  leave 
them  in  the  water  till  the  following  day,  and  it  will  then  usually 
be  found  that  the  water  contains  many  red  Haamatococcus 
swarmers.  Like  those  of  Euglena,  they  are  phototactic.  If  the 
light  is  not  too  intense,  and  the  temperature  is  favourable  (about 
20°  C),  they  move  towards  the  source  of  light.  I  have  satisfied 
myself  that  to  obtain  large  numbers  of  the  swarmers,  it  is  impor- 
tant to  keep  the  stones  for  a  few  days,  as  above  described,  in  a 
space  saturated  with  moisture,  before  completely  flooding  them 
with  water.^ 

Experiments  similar  to  those  which  we  have  mentioned  may  be 
made  with  the  small  green  swarmers  of  Clamydomonas.  It  is 
further  to  be  observed  that  the  swarmers  in  different  stages  of 
development  may  be  tuned  to  light  of  quite  different  intensity, 
a  fact  which  especially  in  the  case  of  Hasmatococcus  is  not  seldom 
very   clearly   perceptible.       For  example,   when    we    study   the 
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behaviour  of  the  s warmers  in  the  hanging  drop  we  do  not  always 
find  that  in  difEnsed  light  they  seek  the  illuminated  side.  If  the 
microscope  is  put  close  np  to  the  window,  they  often  collect  on 
the  side  of  the  drop  tow^ards  the  room.  The  s warmers  are  then 
attnned  to  light  of  lower  intensity,  and  in  order  to  bring  them 
to  the  illuminated  edge  of  the  drop,  the  microscope  must  be 
removed  more  or  less  from  the  window. 

We  make  a  circular  hole  5-7  cm.  in  diameter  in  the  window 
shntter  of  a  dark  room.  In  front  of  this  opening  may  be  placed 
glass  flasks  with  parallel  walls,  containing  either  a  solation  of 
Potassium  bichromate  or  an  ammoniacal  solution  of  Copper  oxide 
The  former  solution  is  so  prepared  as  to  let  thi'ongh  only  the  less 
refrangible  i^ys  (red,  orange,  yellow,  and  some  green),  the  latter 
absorbs  these  rays  and  transmits  only  the  more  refrangible  rays. 
If  a  dark  room  is  not  available  a  large  box  may  be  used,  the 
inside  of  which  is  covered  with  dull  black  paper.  We  now  expose 
Bwarmers  in  the  hanging  drop  to  light  of  difPerent  wave  lengths. 
Under  the  influence  of  the  less.  i*efrangible  rays  the  organisms 
behave  as  in  darkness ;  the  rays  transmitted  by  the  ammoniacal 
Copper  oxide  solution  however,  like  mixed  white  light,  materially 
influence  the  direction  of  motion  of  the  swarmei*s. 

For  the  method  to  be  employed  in  investigating  the  behaviour 
of  the  s warmers  in  the  individual  groups  of  rays  in  the  objective 
spectrum,  see  Strasburger's  cited  work;  also  Pfeffer  in  Botan. 
Zeitungy  1872.  No.  23.  Here  and  in  many  other  cases  the  spec- 
trum obtained  by  means  of  Rati  land's  grating  might  be  recom- 
mended for  investigations  in  plant  physiology. 

Even  under  the  influence  of  gas-light  the  swarmers  exhibit 
their  phototactic  p  'culiarities.  If  between  the  gas-light  and  the 
microscope  we  interpose  in  a  suitable  manner  a  concentrated  solu- 
tion of  alum,  the  organisms  react  in  the  usual  way  to  the  stimulus 
of  the  light.  Their  reaction  is,  however,  arrested  when  a  solation 
of  Iodine  in  Carbon  disulphide  is  interposed.  Since  the  alum 
solution  is  highly  athermanous,  while  the  Iodine  solution  is 
strongly  diathormanous,  we  may  conclude  from  the  above  experi- 
ment that  dark  heat  rays  are  without  influence  on  the  direction  of 
movement  of  the  swarmers. 

Also  the  swarmers  of  algea,  as  can  easily  be  determined  by 
employing  strips  of  paper  according  to  the  method  described  in 
171,  possess  no  rheotropic  properties.  But  these  swarmers 
exhibit  geotropic  irritability,  as  the  following  experiment  seems 
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to  indicate.*  We  suck  up  some  water  containing  EuglensB  into 
a  capillary  tube  0*5  mm.  in  diameter,  open  above  and  below.  If 
we  place  the  capillary  in  a  vertical  position  in  the  dark,  the 
swarmers  collect  in  its  upper  region. 

It  is  of  interest  that  the  swarmers  of  many  algce  are  distinctly 
aerotropic.  This  has  been  specially  demonstrated  in  the  case  of 
Englena  by  Aderhold,  and  we  make  the  following  experiment  to 
acquaint  ourselves  with  the  phenomenon.  A  small  dish  is  filled 
with  wat.er  containing  large  numbers  of  Euglena  swarmers.  We 
also  fill  a  test-tube  to  the  brim  with  the  water,  close  it  with  the 
thumb,  and  invert  it  with  its  mouth  under  the  water  in  the  dish. 
Light  being  excluded,  it  will  be  found  after  some  time  that  almost 
all  the  swarmers  have  left  the  water  in  the  test-tube,  and  collected 
in  the  water  in  the  dish.  This  is  by  no  means  due  to  positive 
geotropism  or  other  causes,  but  is  explained  by  the  aerotropism  of 
the  swarmers.  They  strive  to  reach  places  in  which  larger 
quantities  of  Oxygen  are  available.  This  is  very  clearly  brought 
out  by  the  following  observations.  When  the  swarmers  have 
left  the  test-tube,  we  replace  some  of  its  water  by  air,  spread 
a  layer  of  oil  on  the  water  in  the  dish,  and  place  the  whole  in  the 
dark.  The  swarmers  now  pass  in  considei*able  numbers  from  the 
dish  into  the  test-tube,  because  here  larger  quantities  of  Oxygen 
are  presented  to  them. 

The  organisms  known  as  Oscillarias  have  a  wide  distribution 
in  stagnant  waters  and  on  muddy  soil.  They  are  for  the  most 
part  blue-green  in  colour,  and  occur  in  the  form  of  filaments. 
These  organisms  exhibit  various  movements  which  can  be  closely 
followed  under  the  microscope.  Especially  striking  ai*e  the 
irregular  curvatures  which  the  filaments  undergo  as  they  move 
forwards  or  backwards. 

In  the  cases,  hitherto  mentioned  the  movements  have  been  due 
to  the  activity  of  the  organisms  themselves,  but  there  are  still 
to  be  mentioned  a  number  of  curious  phenomena  which  are  dne 
to  purely  passive  movements  on  the  part  of  swarm  spores. 

If  green-coloured  water,  containing  large  numbers  of  swarming 
Clamydomonads  or  EaglensB,  is  poured  on  to  a  plate,  which  is 
then  covered  with  a  sheet  of  glass  and  placed  under  a  cardboai*d 
box  in  the  middle  of  a  large  room,  we  shall  find  after  a  time  that 
the  algSB  have  grouped  themselves  in  the  form  of  concentrically 
arranged  clouds  or  so  as  to  form  other  regular  figures.  If  we 
remove  the  sheet  of  glass  covering  the  plate,  the  figures  rapidly 
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disappear.  If  a  plate  into  which  alga-containing  water  has  been 
poured  is  so  placed  (e.g.  in  front  of  a  window)  that  one  side 
becomes  somewhat  warmer  than  the  other,  it  will  be  found  (even 
when  the  light  is  excluded)  that  the  swarmers  collect  according 
to  circamstances  on  one  or  the  other  side  of  the  plate.  According 
to  Sachs  ^  all  these  phenomena  are  cansed  bj  currents  in  the  water, 
which  group  the  swarmera  in  a  definite  manner,  and  are  them- 
selves dependent  on  the  distribution  of  temperature.  Sachs  was 
led  to  this  conclusion  by  the  study  of  emulsion  figures.  To 
investigate  emulsion  figures,  we  pour  pure  olive  oil  over  coarsely 
ground  alkanna  root,  and  after  twenty-four  hours  filter  off  the 
intensely  red  coloured  oil  resulting.  We  further  make  in  a  glass 
cylinder  a  mixture  of  water  and  alcohol,  whose  specific  gravity 
is  exactly  0*920.  This  fluid  has  almost  exactly  the  same  specific 
gravity  as  olive  oil.  If  we  pour  a  small  quantity  of  it  into  a 
beaker,  and  then  add  some  of  the  red  olive  oil  extract,  large  oil 
drops  will  rise  very  slowly  in  the  fluid,  which  is  therefore  of 
somewhat  higher  specific  gravity  than  the  oil. 

These  preliminaries  having  been  arranged,  we  add  5  c.c.  of  the 
red  oil  to  every  500  c.c.  of  the  alcohol  mixture,  and  shake 
violently,  so  as  to  break  up  the  large  oil  drops  into  thousands  of 
minute  droplets,  and  in  this  way  the  necessary  emulsion  fluid  is 
prepared. 

For  use  we  pour  it  itito  a  flat  porcelain  dish  to  a  depth  of  about 
10-15  mm.  We  cover  the  dish  with  a  sheet  of  glass,  or  leave 
it  uncovered,  and  observe  how  the  moving  oil  drops  at  first  form 
series  of  dots  and  networks,  and  after  a  time  (one-quarter  to  half 
an  hour)  group  themselves  into  regular  figures.  If  we  have 
covered  the  dish  with  a  sheet  of  glass  after  pouring  into  it  the 
emulsion  fluid,  and  now  remove  it  after  the  formation  of  the  figures, 
they  rapidly  dissipate  under  the  eye  of  the  observer. 

The  form  of  the  emulsion  figures  is  very  varied.  In  Fig.  139  (J5) 
is  indicated  one  which  frequently  occurs.  Such  concentric  figures, 
however,  only  form  w^hen  the  dish  containing  the  emulsion  fluid  is 
placed  in  the  middle  of  the  room.  Polar  figures,  such  as  the  one 
indicated  in  Fig.  139  (yl),'form  when  we  place  the  fluid  near  a 
window  or  a  stove,  so  that  one  side  of  the  dish  is  warmer  than  the 
other.  If  we  experiment,  e.g.,  with  the  emulsion  described,  in 
which  the  coloured  oil  is  only  very  little  lighter  specifically  than 
the  mixture  of  alcohol  and  water,  the  pole  and  marginal  lines  of 
the  polar  figure  are  always  directed  towards  the  colder  side  of  the 
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dish.  Emnlsion  figures 
are  to  be  referred  to  cor- 
rentn  in  the  flaid,  de- 
{Kndent  them  selves  on 
temperature  relations. 
The  emalsion  fignren  have 
a  very  great  similarity 
to  the  figures  in  which 
zoospores  arrange  them- 
selves under  the  condi- 
tions described  above,  and 
the  same  causal  forces 
nnderlie    all    these    phe- 


It  is  also  of  consider- 
able interest  to  etndy  the 
inflnence  of  variona  sub- 
stances on  the  movemont 
of  bacteria  s  warmers. 
The  aerotactic  behaviour 
of  these  s warmers  has 
already  been  indicated  iu 
11.  W©  will  now  in- 
Teatigate  their  so-called 
cbemotactic  movements.** 

We  kill  a  pea  see 
by  immerBinn  in  boiling 
water,  pot  it  into  100  c.c. 
of  water,  and  let  it  stand 
for  a  day  or  two,  till 
largo  numbers  of  Bac- 
terium termo  have  developed 
throug'h  coarse  paper,  to 
bacteria,  and  at  once  e 

Under  higher  power 
terra o  move  slowly  o 
bac':  wards.  We  now 
lying  on  the  bare  slidi 


L  the  fluid.  The  fluid  is  filtered 
the  larger  aggregations  of 
iployed  for  the  observations. 
we  see  that. the  swarmers  of  Bacterium 
rapidly,  sometime.s  forwards,  sometimes 
apply  to  the  bacteriam-containing  drop, 
a  capillary  tube  containing  the  solution 


*  Ot  course   the  movement  of  the  organisma  to  placf 
OijgSD  is  itself  only  a  partienlai  example  of  chemotaiis. 


relatively  rich  i 
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whose  effect  on  the  bacteriam  it  is  desired  to  test.  The  capillarj, 
about  6  mm.  in  length  and  0*06  mm.  in  diameter,  is  pat  into  the 
Haid  and  filled  bj  partial  exhaustion  under  the  air  pump  till  the 
air  space  left  at  the  sealed  end  is  reduced  to  a  length  of  saj  3  mm. 
For  investigation  we  employ  the  following  fluids  ; — 

(1)  Pea  infusion  prepared  as  described,  in  which  the  bacteria 
have  been  killed  by  boiling,  and  which  has  been  re-saturated  with 
air  by  shaking ; 

(2)  1  p.c.  meat  extract,  prepared  by  dissolving  O'o  gr.  of  extract 
of  the  ordinary  consistency  in  50  gr.  of  water  ; 

(3)  2  p.c.  solution  of  Potassium  chloride ; 

(4)  2  p.c.  solution  of  Potassium  chloride  to  which  has  been  added 
5  p.c.  Citric  acid. 

Results : — 

(1)  Only  isolated  bacteria  penetrate  into  the  capillaries. 

(2)  In  the  course  of  a  short  time  (a  few  minutes)  very  manj 
bacteria  enter  the  capillary.  Numerous  s warmers  also  collect;  in 
the  neighbourhood  of  the  mouth  of  the  capillary.  Gradually,  as 
diffusion  from  the  capillary  takes  place,  these  latt-er  bacteria  dis- 
tribute themselves  aguin,  and  those  in  the  tube,  owing  to  want  of 
Oxygen,  in  part  advance  to  the  air  bubble,  here  gradually  forming 
a  second  and  very  close  aggregation. 

(3)  As  2. 

(4)  Isolated  individuals  penetrate  into  the  capillary,  and  perish. 
Most  of  them  rebound  from  the  mouth  of  the  capillary,  since  the 
Citric  acid  exerts  a  repulsive  action  on  them. 

In  making  the  experiments,  the  microscope  must  be  free  from 
vibrations.  Currents  in  the  bacteria-containing  drop  are  to  be 
prevented  as  far  as  possible,  and  the  capillaries  containing  the 
fluids  nnder  investigation  must,  before  being  pushed  up  to  the 
drop  containing  the  swarmers,  be  rinsed  on  the  outside  by  being 
rapidly  passed  thi-ough  water. 

In  order  to  pix)ve  that  lower  organisms  are  galvanotropic,  it  is 
very  convenient  to  work  with  Paramecium,  e,g,  Paramecium 
aurelia.^  This  infusorian,  elongated  in  form,  contains  a 
nucleus  and  two  alternately  pulsating  vacuoles,  and  is  provided 
with  numerous  cilia.  If  a  handful  of  hay  is  treated  in  a  large 
vessel  with  pond  water,  then  in  the  course  of  eight  to  fourteen 
days  there  develop  in  the  fluid,  besides  bacteria,  so  many  Para- 
mecia  that  it  appears  milky. 

We  now  put  together  the  following  apparatus.      The    wires 
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from  a  galvanic  battery*  of  several  elements  are  connected  with  a 
current  reverser  (comrantator).  From  the  commatator  pass  two 
other  wires,  the  ends  of  which  are  attached  to  nnpolarisable 
electrodes  (see  63).  In  the  course  of  one  of  these  wires  is  inter- 
calated a  key. 

We  now  set  up  a  microscope.  On  the  stage  is  placed  a  watch- 
glass  charged  with  Paramecium-containing  fluid.  Even  under  low 
powers  we  see  the  organisms  in  active  movement,  crossing  the 
fluid  in  all  directions.  If  we  introduce  the  electrodes  into  the 
fluid  and  close  the  circuit,  all  the  Paramecia,  as  if  by  command, 
direct  their  anterior  end  towards  the  negative  electrode  and  move 
towards  it.  In  a  short  time  the  fluid  in  the  neighbourhood  of  the 
anode  is  quite  devoid  of  Paramecia ;  they  have  all  collected  at  the 
kathode.  If  we  break  the  circuit,  the  infusoria  direct  their 
anterior  end  towards  the  anode ;  they  move  towards  it  and  collect 
there,  but  the  aggregation  is  not  so  complete  as  at  the  kathode  on 
making  the  circuit,  since  the  organisms  soon  distribute  them- 
selves again  uniformly  throughout  the  fluid. 

The  Paramecia  having  collected  at  the  kathode  on  completion 
of  circuit,  and  the  commutator  being  now  reversed,  the  organisms 
at  once  execute  movements  corresponding  with  the  new  conditions, 
and  they  can  be  forced  to  turn  round  every  moment  by  reversing 
the  commutator.  In  Euglena  viridis  no  galvanotropic  peculiarities 
have  so  far  been  determined  with  certainty. 


^  See  Straabarger,  Wirkung  der  Wdrnie  und  des  Lickts  auf  Schwdrm- 
gporerif  Jena,  1878,  and  Klebs,  Ontenuchungen  aut  dem  botan.  Intt.  zu 
Tubingen,  Bd.  1,  H.  2. 

'  See  Aderhold,  JenaUche  Zeittchrift  f.  NatuncissenscJiaft,  Bi.  22,  and  Jen- 
sen, Archiv,  /.  d.  ges.  Physiolvgie,  Bd.  53. 

<  See  Sachs,  Flora,  1876. 

*  See  details  in  PfefiFer,  Untersuchunjen  aus  dem  botan,  Intt,  zu  Tiibingen, 
Bd.  1,  p.  450,  and  Bd.  2,  p.  584. 

*  See  Verworn,  PJluger^t  Archiv  f.  d.  get.  Phy$iologie^  Bd.  45  and  Bd.  46. 


170.     Movements  of  Chlorophyll  Bodies. 

The  movements  of  the  chlorophyll  grains  in  plant-cells  are 
of  great  biological  importance.  We  have  here  to  do,  as  it  would 
appear,  not  with  movements  due  to  the  chlorophyll  grains  them- 

*  The  carrent  with  which  we  work  must  be  neither  too  weak  nor  too  strong. 
Strong  currents  kill  the  infosoria. 
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selves;  the  changes  in  position  which  they  undergo  are  caased  hy 
movements  of  the  cell  protoplasm.  To  gain  exact  infoi*mation  re- 
specting the  movements  of  the  chlorophyll  bodies,  it  is  advisable  to 
select  for  examination  moss  leaves  or  fern,  prothallia,  for  in  the 
palisade  parenchyma  of  ordinary  foliage  leaves  the  chlorophyll 
grains  asaally  experience  only  inconsiderable  changes  ia  position, 
and  in  the  spongy  parenchyma,  in  whose  cells  it  is  true  consider- 
able changes  in  the  position  of  the  chlorophyll  grains  may  take 
place,  the  relations  in  question  are  often,  for  various  reascns,  not 
easy  to  follow. 

If  plants  of  Funaria  hygrometrica  or  fern  prothallia  (found 
without  much  difficulty  in  greenhouses  in  which  ferns  are  grown) 
are  kept  for  some  time  in  darkness,  under  otherwise  normal  con- 
ditions, the  chlorophyll  bodies  pass  into  the  darkness  position,  t.e. 
in  the  case  before  us  they  travel  to  the  cell- walls  running  perpen- 
dicularly to  the  surface  of  the  object.  In  other  cases,  however,  the 
chlorophyll  bodies  do  not  behave  in  exactly  the  same  manner.  If 
the  shading  has  not  been  continued  too  long  (only  for  several  hours), 
so  that  the  contents  of  the  cells  have  not  gone  over  into  a  con- 
dition of  darkness-rigor,  but  are  still  phototonic,  it  will  be  found 
that  the  chlorophyll  bodies  are  peculiarly  sensitive  to  light.  Sodfl 
of  Funaria  or  fern  prothallia,  which  have  been  kept  in  darkness, 
are  exposed  to  diffused  light  in  such  a  way  that  the  plants  receive 
the  rays  of  light  from  above.  After  a  few  hours  we  place  a  few 
Funaria  leaves,  or  a  few  prothallia,  in  a  drop  of  water  on  the  slide, 
lay  on  a  cover-glass  and  observe.  The  chlorophyll  bodies  are  no 
longer  disposed  on  the  side  walls  of  the  cells,  as  in  the  darkness 
position,  but  have  arranged  themselves  on  the  front  and  back 
walls,  and  moreover  turn  themselves  broadside  to  the  observer 
(surface  position).  We  now  expose  our  preparations,  on  the  slide, 
to  direct  sunlight,  keeping  the  out-side  of  the  cover-glass  well 
moistened  with  water,  so  as  to  avoid  overheating.  If  we  examine 
after  a  few  minutes,  we  shall  perceive  that  the  chlorophyll  bodies 
are  still  in  the  same  position  as  before,  but  their  form  has  changed. 
The  previously  polygonal  grains  have  drawn  in  their  angles;  thej 
have  become  rounded,  and  the  chlorophyll  bodies  are  clearly  striv- 
ing to  present  as  small  a  surface  as  possible  to  the  too  intense 
light.  This  rounding  off  of  the  green  constituents  of  the  cells  is 
due  to  movement  of  the  chlorophyll  bodies  themselves ;  but  beside 
this,  exposure  to  very  intense  light  induces  a  change  in  the  position 
of  the  chlorophyll  bodies,  which  is  brought  about  by  the  proto- 
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plasm.  If,  viz.,  we  expose  our  preparations  to  direct  sunlight  for  a 
considerable  time  (in  my  experiments  with  Funaria  leaves  for  f 
hour)  the  chlorophyll  grains  will  pass  from  the  outer  and  inner 
walls  of  the  cells  to  the  side  walls,  and  dispose  themselves  in  the 
profile  position.  The  grouping  of  the  chlorophyll  grains  in  the 
surface  position  on  the  outer  and  inner  cell-walls  is,  however,  re- 
sumed if  ^the  preparations  are  exposed  for  some  time  to  diffuse 
daylight.  There  is  no  doubt  that  these  changes  in  position  of  the 
chlorophyll  bodies  are  of  biological  importance  to  the  plants.  In 
difEnse  light  the  green  constituents  of  the  cells  take  up  a  position 
which  will  enable  them  to  make  use  of  the  rays  of  light  for  the 
purpose  of  assimilation  in  a  very  thorough  manner,  while  they 
will  be  protected  from  the  destructive  influence  of  too  intense 
light  and  too  great  warmth  by  the  arrangement  on  the  side  walls 
of  the  cells.  ^ 

The  movements  of  the  chlorophyll  bodies  caused  by  the 
stimulus  of  light  are  only  exhibited  when  the  cells  are  exposed  to- 
normal  conditions  of  life.  Too  great  reduction  of  temperature, 
insufficient  moisture,  and  want  of  Oxygen  prevent  them,  as  can 
easily  be  proved  by  suitable  experiments. 


^  Soe  Stahl,  J^otan.  Zeitung,  1880,  p.  321. 


171.    The  Movements  of  the  Plasmodia  of  Aethaliiun  septicum. 

The  Plasmodia  of  the  Myxomycetes  are  capable  of  peculiar 
movements  ;  they  can  creep  from  one  place  to  another,  their  out- 
lines constantly  changing  in  the  process.  These  movements  are 
very  largely  influenced  by  external  conditions,  a  fact  which  is  of 
the  utmost  biological  importance  to  the  plasmodia.  Aethalium 
septicum  is  chiefly  found  on  tau.  The  yellow  plasmodia  are  to 
be  found  in  spring  (e.g.  in  May,  during  which  month  I  made 
numerous  experiments  on  the  plasmodia)  on  the  older  masses  of 
tan.  There  further  appear,  however,  on  the  tan,  at  this  time,  as 
also  in  winter,  Aethalium  sclerotia,  in  the  form  of  small  knob-like 
.yellow  masses,  about  2  mm.  in  length,  from  which  we  can  readily 
obtain  plasmodia.  It  must  here  be  emphatically  remarked,  that 
the  Plasmodia  are  very  delicate  structures,  easily  killed,  and 
sensitive  to  contact  with  the  hand.  Consequently  the  masses  of 
tan,  with  the  plasmodia  traversing  them,  must  be  handled  care- 

P.P.  F  F 
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f ally,  and  it  is  best  to  convey  the  tan  from  the  tannery  to  the 
laboratory  in  a  box,  without  fingering  it  much.  We  now  conduct 
the  following  experiment : — 

A  small  strip  of  Swedish  filter-paper  is  moistened  and  dipped 
at  one  end  into  a  beaker  haif  fall  of  water.  The  other  end  of  it 
hangs  freely  downwards  over  the  edge  of  the  beaker,  and  during 
the  experiment  is  spread  out  on  the  plasmodinm-bearing  tan.  If 
we  now  place  the  whole  preparation  in  darkness,  in  a  room  whose 
temperature  is  25°  to  30°  C,  plasmodia  soon  leave  the  tan,  and 
creep  further  and  further  up  the  strip  of  filter-paper.  This 
migration  of  the  plasmodia,  on  a  substratum  thoroughly  saturated 
with  water,  is  not  due  to  hydrotropism,  but  is  induced  by 
currents  of  water.  The  plasmodia  are  therefore  rheotropic,  and 
in  fact  they  always  travel  against  the  current  of  water. 

The  Plasmodia,  however,  react  also  to  variations  in  the  distri- 
bution of  water  in  the  substratum  ;  they  are  not  only  rheotropic, 
but  also  hydrotropic.  To  prove  this  we  convey  plasmodia,  which 
have  collected  on  blotting-paper  under  the  influence  of  a  cnrrent 
of  water,  to  the  middle  of  a  sheet  of  glass  covered  with  several 
folds  of  moist  filter  paper.  The  plasmodia,  when  placed  in  a 
dark  chamber  in  which  the  air  is  saturated  with  moisture,  spread 
out  uniformly  on  the  horizontal  and  water-saturated  substratum. 
If  the  research  material  is  now  placed  in  a  dark  chamber  which 
however  is  dry,  and  we  fix  at  a  short  distance  above  the 
plasmodia  an  object-glass  smeared  with  dilute  gelatin,  an  inter- 
esting appearance  is  soon  (often  after  a  few  hours)  to  be  observed. 
The  blotting-paper  gradually  dries,  and  the  plasmodia  withdraw 
from  the  drying  portions  of  the  substratum,  but  accumulate 
under  the  moisture-distributing  object-glass.  The  plasmodia 
thus  exhibit  positive  hydrotropism.  It  must  be  remarked  that 
our  plasmodia,  during  the  greater  part  of  their  development, 
react  as  above  to  variations  in  the  distribution  of  moisture. 
Plasmodia  near  the  time  of  sporangium  development  are,  on  the 
contrary,  negatively  hydrotropic. 

The  plasmodia  of  the  Myxomycetes  are  not  at  all  geoti-opic. 
This  can  be  demonstrated  by  placing  strips  of  blotting-paper 
with  plasmodia  against  a  vertical,  moist  substratum  {e.g.  paper 
saturated  with  water,  and  lying  on  a  sheet  of  glass)  in  a  dark 
chamber  saturated  with  moisture.  Under  these  circumstances 
the  plasmodia  spread  out  uniformly  in  all  directions  on  the  sub- 
stratum. 
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Light  of  Ml  J  great  intensitj,  as  it  appears,  e.^.,  diffase  daylight, 
Plasmodia  always  avoid.  If  we  expose  pieces  of  tan  traversed  by 
Plasmodia  to  the  lights  in  the  moisture-saturated  chamber,  the 
Plasmodia  retract  into  the  tan.  Similarly  plasmodia  spread  out 
on  sheets  of  glass,  when  exposed  to  the  light,  seek  places  where 
the  intensity  of  the  light  is  least,  i.e.  shaded  places.  The  plas-- 
modia  are  easily  transferred  to  sheets  of  glass,  even  object-glasses 
for  example,  as  follows : — A  beaker  is  filled  with  water,  into 
which  is  brought  one  end  of  a  strip  of  blotting-paper  whose 
width  is  somewhat  less  than  that  of  our  object-glass.  The  other 
end  of  the  blotting-paper  is  laid  on  the  face  of  an  object-glass 
standing  vertically  beside  the  beaker.  The  whole  arrangement 
is  placed  on  a  layer  of  sand,  which  takes  up  the  water  running 
down  from  the  object-glass.  At  the  base  of  the  object-glass  is 
next  put  a  piece  of  tan  bearing  a  plasmodium,  the  tan  being  of 
course  leaned  against  that  face  of  the  glass  down  which  the  water 
is  running.  We  finally  cover  with  a  bell-glass,  and  exclude  the 
light.  The  plasmodium,  in  virtue  of  its  rheotropism,  now  creeps 
on  to  the  object-glass,  and  spreads  out  on  it.  If  for  the  sake  of 
closer  examination  we  desire  to  have  plasmodia  on  the  slide  under 
a  cover-glass,  it  is  a  good  plan  to  fix  the  cover-glass  on  the  side 
of  the  slide  down  which  the  current  of  water  is  flowing,  by 
means  of  bits  of  wax  placed  under  the  four  comers.  It  is  then 
possible  for  branches  of  the  plasmodia  to  creep  under  the  cover- 
glass,  and  here  spread  out  forming  delicate  threads.  The  accu- 
mulation of  the  plasmodia  on  the  slides  does  not  always  proceed 
with  the  same  rapidity  ;  generally  it  is  sure  to  take  place  in  the 
course  of  half  a  day. 

It  is  of  very  special  interest  to  study  exactly  the  attractions 
and  repulsions  exerted  by  different  substances  on  the  direction  of 
movement  of  plasmodia.  We  employ  for  the  experiments  plas- 
modia coaxed  on  to  blotting-paper  by  means  of  a  current  of 
water,  or  the  necessary  material  is  obtained  from  Aethalium 
sclerotia,  by  putting  them  on  a  damp  surface  (several  layers  of 
blotting-paper  saturated  with  water).  I  obtained  in  this  last 
way  beautiful  plasmodia,  and  when  they  had  been  made  fairly 
hungry  by  being  kept  for  a  considerable  time  under  a  bell-glass, 
a  condition  favourable  for  the  experiment,  small  balls  of  blotting- 
paper  saturated  with  tan  extract  were  laid  on  them.  The  sub- 
stances present  in  the  tan  extract  exert  an  attractive  influence  on 
the  Plasmodia,  and  hence,  even  after  a  few  hours,  the  paper  balls 
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are  seen  to  be  traversed  in  every  direction  by  plasmodial  strands. 
The  tropbotropism  of  the  fungus  is  thus  established. 

About  the  middle  of  a  plasmodium,  spread  ont  on  a  moist  sub- 
stratum, we  place  a  small  crystal  of  common  salt.  The  part  of 
the  fungus  in  direct  contact  with  the  salt  becomes  brown  and 
dies,  while  those  portions  of  it  which  are  not  killed  retract  from 
the  salt,  so  that  gaps  are  formed  in  the  plasmodinm,  which 
however  may  close  up  again  if  the  gradually  dissolving  salt 
becomes  uniformly  enough  distributed  in  the  moist  substratum. 
Sodium  chloride  therefore  exerts  not  an  attractive,  but  a  repul- 
sive action  on  the  plasmodium.^ 

That  the  extraordinary  sensitiveness  of  the  plasmodium  to  the 
influences  above  mentioned,  as  also  to  others,  is  of  biological 
importance  to  their  delicate  organisation  will  be  clear  from  what 
has  gone  before,  and  we  need  not  here  consider  the  matter 
further. 


^  See  Siahl,  Botan.  Zeitung,  1884,  No.  10.    Here  also  will  be  found  in- 
Btructions  for  farther  experiments,  together  with  citations  of  literature. 


II.     GEOTROPIC,    HELIOTROPIC,    AND    HYDROTROPIC 
NUTATIONS,  AND   SOME   OTHER  PHENOMENA  OF 

IRRITABILITY. 

172.    The  Geotropic  Behaviour  of  Boots. 

The  roots,  especially  the  main  roots  of  plants,  strive  to  grow 
vertically  downwards,  a  phenomenon  which  is  due  to  the  positive 
geotropism  of  the  organs.     To  prove   that   roots  are  positively 
geotropic,  we  conduct  the  following  experiment: — Seeds  of  Pisuin, 
Vicia  Faba,  or  Phased  us  are  soaked  for  twenty-fonr  hours  in 
spring  water,  and   then   placed   in  large   flower-pots  or  wooden 
boxes  containing  moist   sawdust.     The   sawdust   must   be   very 
loose  and  uniformly  moistened  throughout  in  order  to  ensure  the 
normal  development  of  the  seedlings.     The  seeds  of  Vicia  Faha 
are  laid  in  the  sawdust  with  their  micropyles  downwards,  so  that 
the  emerging  main  root  need  make  no  curvature.     The  seeds  of 
Phaseolus  we  lay   horizontally ;    the  main   root   then   makes  a 
right  angle  with  the  long  axis  of  the  seed  on  emergence.    We 
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Fig.  140.— Apparatas   .for    demonBtratini? 
geotropic  root  carvatares. 


cover  the  flower-pots  or  boxes,  as  the  case  may  be,  with  large 
cardboard  boxes,  or  put  them  ia  a  cupboard,  and  when  the  roots 
have  reached  a  length  of 
abont  3  cm.  we  take  out  of 
the  sawdust  a  few  seedlings 
with  very  straight  roots. 
After  careful  washing  we 
pass  long  pins  through  the 
seedlings  and  fix  them  in 
the  manner  indicated  in  Fig. 
140,  the  roots  being  directed 
horizontally,  and  the  whole 
being  covered  by  a  suffi- 
ciently large  bell-glass.     In 

transfixing  the  seedlings  attention  must  be  paid  to  what  -was  said 
on  p.  390.  The  Hm  of  the  bell-glass  dips  into  water,  contained 
in  a  glass  dish,  while  the  inside  of  the  glass  is  provided  with  wet 
blotting-paper.  We  place  our  apparatus  in  darkness.  We  may 
also  make  the  experiment  by  removing  some  of  the  seedlings 
from  the  sawdust  and  simply  replacing  them  with  their  roots 
directed  horizontally.  At  a  sufficiently  high  temperature 
(20°  C.-25°  C.)  we  can,  even  after  a  few  hours  (at  a  low  tempera- 
ture not  till  later),  perceive  a  downward  curvature  of  the  root- 
tip,  more  or  less  sharp  according  to  circumstances.  The  root 
executes  a  positive  geotropic  curvature,  and  continues  to  grow 
not  horizontally  but  downwards.  If  seedlings  of  Phaseolus,  etc., 
are  laid  in  sawdust  with  their  roots  directed  vertically  upwards, 
the  tip  of  the  root  soon  curves  downwards,  and  then  continues 
to  grow  in  that  direction.  In  my  investigations  with  Phaseolus 
(at  22°  C.)  the  root- tip  had  already  made  a  considerable  curva- 
ture at  the  end  of  four  hours.  If  seedlings  are  laid  in  sawdust 
with  their  roots  directed  obliquely  upwards  or  downwards, 
geotropic  curvatures  naturally  are  made  which  tend  to  carry  the 
root  ends  vertically  downwards. 

For  further  more  searching  investigations  relating  to  the 
geotropic  downward  curvature  of  roots,  we  require  first  of  all 
a  special  box,  such  as  the  one  drawn  in  Fig.  141,  and  first  em- 
ployed by  Sachs.  The  box  consists  mainly  of  strong  sheet  zinc. 
The  front  and  back,  however,  are  formed  by  sheets  of  glass  abont 
20  cm.  high  and  30  cm.  broad.  These  must  not  be  perpendicular, 
but  inclined  at  an  angle  of  about  10^.     The  bottom  of  the  box 
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and  its  ends  are  pierced  with  nanieroDs  small  holes,  to  promote  the 
Tentilation  of  the  soil  contained  in  the  box.  We  ntie  light,  very 
humons  soil  such  as  is  employed  for  greenhouse  plants,  moisten 
it  with  water,  not  however  adding  too  mach  to  prevent  its 
being  crumbled  between  the  bands,  and  then  pass  it  tbrongh  a 
sieve  with  meshes  16  mm.  wide.  In  filling  the  box  the  soil  mast 
not  be  pressed  down ;  it  mast  be  loosely  packed,  so  that  the 
development  of  the  roots  may  go  on  smoothly.  The  requisite  seed- 
lings have  been  cultivated,  as  above  described,  in  moist  sawdust. 
We  take  the  plants  when  their  roots  have  attained  a  length  of 
a  few  mm.  First  we  mnst  make  fine  ink  lines  on  the  roots  to 
serve  as  marks.    We  dry  the  i-oots  carefully  with  a  piece  of  linen. 


and  then  make  the  ink-marks,  at  intervals  of  2  mm.,  with  a 
sable  pencil.  This  operation,  which  must  be  carefully  performed, 
is  best  managed  with  the  help  of  a  large  smooth  sheet  of  cork 
abont  2  cm.  thick,  on  the  left  side  of  which  a  number  of  large 
notches  of  different  sizes  ai'o  made  with  a  round  file,  from  which, 
along  the  surface  of  the  cork,  pass  grooves  made  with  a  thin 
round  file.  In  .the  notches  are  placed  the  seeds  ;  the  grooves 
receive  the  roots,  and  alongside  them  is  placed  a  millimetre  scale. 
The  seedlings  when  ready  ore  placed  in  the  soil  of  our  box,  with 
their  roots  directed  horizontally  and  closely  applied  to  one  of  the 
glass  faces,  loosely  covered  with  soil,  and  observed.  We  fasten 
on  the  outside  off  the  glass  a  small  triangular  piece  of  paper,  erf 
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i^hich  one  angle  accaratelj  points  to  the  first  mark  placed  jnst 
behind  the  root  tip.  In  Phaseolas  I  found,  as  Sachs  mentions  for 
Yicia  also,  that  the  root  for  aboat  an  hour  continued  to  grow 
horizontally;  the  first  mark  becomes  somewhat  displaced  from 
the  point  of  the  paper.  After  that  time,  however,  a  geotropic 
curvature  of  the  root  soon  became  noticeable,  and  observations 
repeated  from  time  to  time  showed  that  the  curvature  can  first 
clearly  be  proved  in  the  zone  lying  between  the  first  and  second 
marks;  then  later  it  occurs  in  the  succeeding  zones  also.  We 
determine  that  all  the  zones  of  the  root  undergoing  growth  in 
length  take  part  in  bringing  about  the  geotropic  downward  cur- 
vature ;  but  in  order  to  confirm  this  important  observation  we 
make  the  following  experiment.  We  use,  for  example,  seedlings 
of  Vicia  Faba  with  roots  2  cm.  long.  After  the  growing  region 
of  the  root  has  been  divided  by  ink-marks  into  zones  of  2  mm. 
length,  the  seedlings  are  laid  in  the  culture  box  in  the  manner 
above  indicated.  After  about  eight  hours  at  20°  C.  the  horizontally 
placed  root  has  already  made  a  conspicuous  curvature,  and  we 
can  proceed  to  measure  the  growth  which  has  taken  place.  We 
use  for  the  purpose  a  thin  sheet  of  mica  on  which  a  number  of 
concentric  circles  are  scratched  with  a  pair  of  compasses.*  It  is 
now  best  to  subdivide  the  quadrants  not  into  90  parts,  but  by  easily 
and  accurately  performed  successive  halving  into  8,  16,  or  32 
parts.  We  calculate  the  length  of  the  arc  for  each  circle.  The 
tabulated  values  serve  for  the  determination  of  the  lengths  of  the 
arcs  of  the  curved  roots.  The  mica  sheet  is  laid  against  the  glass 
pane  behind  which  the  root  is  situated.  We  find  which  circle 
agrees  with  the  curvature  of  the  convex  side  of  the  root,  or  with 
a  portion  of  it,  fix  the  mica  to  the  glass  by  means  of  strips  of 
gummed  paper,  and  make  the  further  observations.  In  our  case 
the  total  growth  on  the  convex  side  of  the  root  amounts  to  about 
4  mm.  The  entire  growing  region  of  the  root  has  participated  in 
bringing  about  the  geotropic  downward  curvature.  The  most 
rapid  growth  has  taken  place  in  the  third  zone.  We  further  seek 
pairs  of  seedlings  of  Vicia  Faba  very  uniform  in  development, 
which  have  been  grown  in  moist  sawdust,  and  with  roots  from 
1*5  to  2  cm.  in  length.  From  the  growing  point  onwards  at 
intervals  of  2  mm.  we  make  fine  ink-lines  as  marks  (the  first  being 
at  the  growing  point  itself),  and  lay  one  of  the  seedlings  in  the 

*  The  largest  circle  may  have  a  radius  of  20  mm. 
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soil  of  the  box  with  its  root  directed  perfectly  horizontally  along 
the  glass,  while  its  fellow  is  placed  with  its  root  pointing  verti- 
cally downwards.  After  twelve  to  sixteen  hours  (20°  C),  we 
measnre  the  growth  in  the  straight  and  geo tropically  cai*ved  rooto 
respectively,  in  the  latter  case  making  nse  of  the  sheet  of  mica, 
and  determining  not  only  the  growth  of  the  convex,  bat  also  that 
of  the  concave  (lower)  side  of  the  root.  If,  e.g.,  the  growth  on  the 
convex  side  of  the  root  =  10  mm.,  that  on  the  concave  side -6  mm., 
the  growth  along  the  median  line  (axis  of  the  root)  amounts  to 
8  mm.  The  straight,  control  root  may  have  lengthened  by  9*5  mm. 
Thence  it  follows,  as  Sachs  first  made  clear,  that  the  convex  side 
of  curving  roots  grows  somewhat  more  rapidly  than  a  straight 
root,  under  similar  conditions.  The  concave  side  of  the  curved 
root  grows  considerably  more  slowly  than  the  straight  root,  and 
the  total  growth  of  the  former  is  notably  less  than  that  of  the 
latter. 

In  researches  on  the  growth  of  the  main  roots  of  Phaseolusor 
Vicia  Faba,  we  should  not  omit  to  make  ourselves  acquainted  in 
a  general  way  with  the  form  of  the  geotropic  curvature  which  the 
roots  have  experienced.  For  this  purpose  we  provide  ourselves 
with  the  thin  sheet  of  mica  on  which  a  series  of  concentric  circles 
has  been  scratched  with  compasses.  By  laying  the  sheet  of  mica 
over  the  glass  surface  against  which  the  root  is  growing,  we  can 
readily  determine  the  form  of  the  root  curve.  At  the  commence- 
ment of  the  geotropic  nutation,  it  coincides  with  a  circle  of  con- 
siderable radius.  Later  the  root  curve  appears  less  flat  than  in 
the  first  stage  of  observation.  Later  still  the  curve  no  longer 
coincides  with  any  of  the  circles,  but  becomes  parabolic.  The 
zone  of  most  active  growth  is  strongly  curved ;  in  front  of  this 
region  and  behind  it  the  curve  is  much  flatter. 

We  will  now  proceed  to  consider  the  geotropic  behaviour  of 
secondary  ix)ots,  confining  ourselves  to  the  lateral  roots  of  the 
first  and  second  order  given  off  by  the  main  roots  of  Phaseolus, 
Pisum,  Vicia,  and  Zea.  Seedlings  are  cultivated  in  our  culture 
case  behind  a  sheet  of  glass.*  The  main  root  grows  straight 
downwards.  The  lateral  roots  of  the  first  order,  forming  in 
acropctal  succession  on  the  main  root,  do  not  take  this  direc- 
tion, but  grow,  as  is  indicated  in  Fig.  142,  more  or  less  obliquelj 
downwards.  We  can  easily  satisfy  ourselves  that  the  lateral 
roots  of  the  first  order  do  actually  behave  geotropically,  by  in- 
verting the  case,  so  that  the  main  root  is  directed  upwards.     We 
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then  find  after  some  time  that  the  ends  of  the  advancing  second- 
ary roots  have  tamed  downwards  in  a  curve.  The  secondary- 
roots  of  the  first 
order,  therefore,  in 
contrast  to  the  main 
roots,  do  not  grow 
vertically  down- 
wards ;  their  posi- 
tively  geotropic 
downward  curvature 
ceases  when  they 
form  a  certain  angle 
with  the  vertical, 
thegeetropic  "limit- 
ing angle."  It  may 
further  be  noted 
that  the  lateral  roots 
of  the  second  order, 
springing  from  the 
lateral   roots  of  tl\e 

first    order,    are    not       Pio.  142.— Portion    of  a  root  of 
at       all       geotropic;    Knowing  behind  a  sheet  of  glass. 

they  do  not  react  to 
the  influence  of  gravity.^ 


Phaseolus  multifloms 


>  The  literature  concerning  the  geotropism  of  roots  is  collected  together  in 
mj  Lehrbueh  der  PJUmzenphysiologie.  As  regards  the  method  of  investigation, 
consult  Sachs  in  Arbeiten  d,  hoU  In$t,  in  Warzburg,  Bd.  1. 


173.    The  Geotropic  Bohavionr  of  Shoots. 

In  many  stems  negative  geotropism  is  extremely  well  marked, 
and  we  will  investigate  these  in  order  to  acquire  a  further  insight 
into  the  influence  of  gravitation  on  plants.  If  negatively  geo- 
tropic organs  are  laid  horizontally,  they  curve  npwards,  as  can 
easily  be  demonstrated  in  a  large  variety  of  cases.  We  cover  the 
bottom  of  a  large  zinc  box  with  moist  sand,  heap  the  sand  fairly 
high  against  the  walls,  and  stick  into  the  slopes  the  lower  end 
of  the  piece  of  stem  whose  geotropism  is  to  be  investigated,  the 
rest  of  the  stem  being  free.  We  then  close  the  box  with  a  cover. 
When,   e.g.,  shoots   of   Chrysanthemum   Leucanthemum   bearing 
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flower  buds  were  placed  horizontallj  in  the  moist  atmosphere  of 
the  box,  in  darkness,  I  fonnd  that,  at  a  temperatare  of  24^  C, 
they  had  even  after  a  few  honrs  carved  strongly  upwards.  The 
geotropic  growth  movement  finally  ceased  when  the  upper  part 
of  the  stem  made  an  angle  of  90^  with  the  lower.  Geotropic  curva- 
tures are  also  easily  determined  in  this  way  in  severed  epicotyls  of 
bean  seedlings  grown  in  darkness  (see  Fig.  143).  In  experiments 
with  Aristolochia  Sipho,  I  used  not  entire  shoots  but  pieces  cut 
out  of  actively  growing  internodes.  They  exhibited  vigorous 
negative  geotropism,  and  this  fact,  which  can  also  be  determined 
without  any  difficulty  in  stems  of  other  plants  (e.g,  portions  of 
the  epicotyl  of  bean  seedlings  grown  in  darkness),  is  of  interest 
in  connection  with  what  is  said  in  175,  where  the  significance  of 
the  root  tip  in  the  initiation  of  root  curvatures  will  be  under 
consideration,  since  it  teaches  very  clearly  that  the  tip  of  the  stem 
in  Phaseolus  does  not  seem  to  determine  exclusively  the  geotropic 
behaviour  of  the  stem.  The  epicotyl  of  Phaseolus  is  speciallj 
favourable  for  researches  on  geotropism,  since  bean  seedlings  can 
be  grown  without  trouble  at  any  time  of  the  year.  The  power, 
however,  of  reacting  to  the  action  of  gravity  is  by  no  means 
quantitatively  the  same  in  different  plant  structures.     While  the 


Fig.  143.— Epicotyl  of  Phaseolus  muUifiorfis,  exhibiting  a  negative  geotropic  carTstnie. 

structures  above  mentioned  curve  very  quickly  and  vigorously 
when  they  have  been  placed  in  a  horizontal  position  in  a  moist 
place,  young  defoliated  shoots  of  Sambucus  nigra,  e.g.,  under  similar 
conditions  only  slowly  execute  geotropic  curvatures.  The  plumule 
of  Triticum  vulgare  possesses  great  geotropic  irritability.  If  small 
pots  in  which  wheat  seedlings  with  plumules  about  2  cm.  long 
have  developed,  are  laid  horizontally,  the  plumules  rapidly  curve 
upwards. 
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The  following  experiment,  which  I  fi-eqnently  repeated,  is  in- 
strnctive.  We  stick  the  lower  end  of  a  leafy  shoot  of  Hippnris 
vulgaris  into  the  moist  sand  of  onr  zinc  box.  When  the  shoot  has 
been  kept  in  a  horizontal  position  for  one  to  one  'and  a  half  hours 
at  a  high  temperature,  a  distinct  though  still  not  very  strong 
curvature  is  already  perceptible.  We  now  place  the  shoot  in  a 
vertical  position  with  its  lower  end  in  moist  sand,  cover  with  a 
bell-glass,  and  screen  from  the  light.  To  our  astonishment  we 
observe  after  a  time  that  the  curvature  initiated  when  the  stem 
was  in  a  horizontal  position  becomes  greatly  intensified  now  that 
it  is  in  a  vertical  position.  We  have  here  a  phenomenon  de- 
pending on  geotropic  after-effect,  and  therefore  also  soon  replaced 
by  another.  The  curvature,  viz.,  which  at  first  became  more 
marked  when  the  stem  was  placed  in  a  vertical  position,  gradually 
disappear  completely ;  the  shoot  directs  itself  sti-aight  upwards, 
since,  after  the  geotropic  after-effect  has  passed  off,  gravity  acts 
in  the  usual  manner  on  its  curved  end.  The  phenomenon  of  geo- 
tropic after-effect  can  be  made  out  also  with  other  shoots. 

In  most  plants,  the  power  of  curving  under  the  influence  of 
gravitation  is  confined  to  the  terminal  interaodes.  The  fully 
grown  parts  of  the  shoot,  lying  further  back,  no  longer  react  to 
the  action  of  gravity.  So  much  the  more  remarkable,  therefore,  is 
the  geotropic  behaviour  of  the  haulms  of  grasses.  Between  the 
successive,  sharply  differentiated  intemodes,  are  situated,  as  is 
well  known,  the  nodes,  which  are  easily  recognised  by  their  colour 
and  swollen  form.  These  are  nothing  but  the  basal  portions  of 
the  leaf-sheaths.  While  the  parts  of  the  haulm  lying  between 
them  may  already  have  become  mature,  rigid,  and  hard,  these 
nodes  retain  their  youthful  character  for  a  comparatively  long 
time,  and  hence  also  are  easily  able  to  effect  geotropic  growth 
curvatures.  This  power  of  growth,  it  is  true,  finally  dies  away  in 
the  cells  of  the  nodes  also.  The  younger  nodes  of  grass  haulms 
are  capable  of  more  vigorous  geotropic  curvatures  than  the  older 
ones,  since  their  parenchyma  still  turgesces  very  energetically, 
and  since  their  cells  are  still  capable  of  very  active  growth.  If, 
«.gr.,  we  cut  out  from  the  haulm  of  a  flowering  rye  or  barley  plant, 
a  number  of  pieces  each  about  10  cm.  long,  and  each  with  a  node 
at  its  middle,  and  then  at  once  dispose  them  horizontally  in  our 
zinc  box,  we  shall  And  that  the  younger  pieces,  say  at  the  end  of 
twenty-four  hours,  have  curved  mach  more  vigorously  than  the 
older  ones.     By  measuring  the  angle,  the  extent  of  the  curvature 
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maj  be  accurately  specified.  The  oldest  pieces  of  the  haulm 
no  longer  curve  at  all.  The  form  assumed  by  grass  haulms  which 
have  raised  themselves  geotropically,  is  shown  in  Fig.  144.  We 
can  easily  satisfy  ourselves  by  experiment  that  not  only  intact 
haulms,  but  also  haulms  longitudinally  split  are  capable  of  curving 
geotropically. 

If  some  sections  of  grass  haulms,  each  with  a  node  at  its  centre 
(I  experimented  with  Hordeum),  are  stuck  horizontally  into  moist 
sand,  and  others  of  the  same  age  obliquely  upwards,  we  find  after 
one  to  two  days  that  the  former  have  curved  more  vigorously  than 
the  latter,  as  is  at  once  shown  by  measuring  the  angles.  From 
this  experiment,  which  may  be  repeated  with  any  stems  which  re- 
act energetically  to  the  stimulus  of  gravity,  it  follows  that  the 
effect  of  gravitation  on  plants  is  greater,  the  more  nearly  the  angle 
at  which  it  acts  approaches  a  right  angle. 


Fig.  141.— Piece  of  a  grass  haalm,  curved  geotropically. 

Finally  we  will  make  a  number  of  experiments  on  the  growth  of 
geotropically  curving  grass  nodes  and  other  plant  structures.  It 
is  well  known  that  under  normal  conditions  the  nodes,  after  attain- 
ing a  certain  stage  of  development,  cease  to  grow.  Strangely,  how- 
ever, growth  re-commences  in  the  cells  of  the  node,  when  the 
grass  haulms  are  placed  in  a  horizontal  position. 

We  cut  out  lengths  of  rye  or  barley  haulms,  each  with  a  node  at 
its  middle,  mark  the  length  of  the  nodes  on  two  sides  by  means  of 
fine  ink-lines,  and  place  the  objects  in  our  zinc  box.  After  two  or 
three  days  we  again  measure  the  distance  between  the  ink  lines  on 
the  geotropically  curved  pieces  of  haulm,  using  a  strip  of  paper 
divided  into  millimetres.  It  is  seen  that  the  convex  lower  side  of 
the  node  has  increased  considerably  in  length,  while  the  concave 
upper  side  has  become  shorter  owing  to  the  compression  of  its 
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tissue.  Thus  when  negative  geotropic  curvatares  take  place  the 
energy  of  growth  of  the  cells,  at  any  rate  of  the  lower  side,  which 
becomes  convex,  is  very  considerably  increased. 

It  is  very  instructive  to  undertake  the  following  investigation, 
which  I  made  with  specially  good  results  using  pieces  of  oat 
haulms  which  had  undergone  vigorous  geotropic  curvature.  We 
prepare  radial  longitudinal  sections  of  the  node,  and  examine 
them  under  the  microscope.  The  cells  of  the  parenchyma  of  the 
underside  are  at  once  seen  to  be  considerably  elongated  in  the 
direction  of  the  long  axis  of  the  organ,  while  the  cells  of  the 
upper  side  are  tabular  in  form.  They  are  shorter  in  the  longitu- 
dinal than  in  the  radial  direction.  The  convexity  of  the  lower 
side  of  the  geotropically  curving  grass  nodes  is  due,  therefore,  to 
vigorous  stimulation  of  the  growth  of  its  cells. 

For  further  observations  on  the  growth  of  geotropically  curving 
plant  structures,  stems  of  Sida  Napeea  or  Inula  Helenium  are 
specially  suitable.  We  use  shoots  deprived  of  their  leaves  and 
end  buds,  composed  of  a  few  internodes,  and  200-300  mm.  in 
length.  They  must  be  perfectly  straight  and  require  to  be. care- 
fully selected.  We  take  nine  such  pieces,  cut  them  all  to  the 
same  length,  and  arrange  them  in  groups  of  three.  Those  of 
the  first  group  we  at  once  analyse  by  cutting  ofE  with  a  sharp 
razor  two  strips  of  the  cortex  and  determining  their  length. 
Three  other  pieces  we  bring  into  our  zinc  box  containing  moist 
sand,  and  place  them  horizontally.  The  last  three  we  put  in  a 
slightly  inclined  position  into  a  glass  cylinder,  the  bottom  of  which 
is  covered  with  moist  sand  and  which  can  be  closed  with  a  cork. 
After  twenty-four  hours  the  second  and  third  group  ai^e  analysed. 
We  remove  strips  of  cortex  from  their  concave  and  convex  sides 
respectively,  and  measure  their  length.  If  now  we  compare  the 
average  numbers  in  the  second  and  third  groups,  it  stands  out 
that,  in  the  former,  in  which  the  stems  were  laid  horizontally  and 
therefore  curved  vigorously,  the  growth  of  the  now  convex  side 
must  have  been  greater,  that  of  the  now  concave  side  less,  than 
that  of  the  corresponding  sides  of  the  stems  placed  in  the  cylinder, 
and  hence  not  at  all  or  only  slightly  curved.^ 

If  we  experiment  on  shoots  with  apical  growth  {e.g.  epicotyls, 
of  Phaseolus),  laying  the  shoot  horizontally  in  the  zinc  box,  after 
marking  it  with  fine  ink-lines  in  the  manner  given  on  p.  385,  in 
order  to  determine  the  growth  in  the  successive  zones,  then  at  a 
particular  time  (after  about  twelve  hours)  we  find  the  strongest 
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carvature  in  the  most  actively  growing  region  of  the  stem,  but 
later  when  the  geotropic  erection  has  come  to  an  end,  the  greatest 
cnrvatnre  is  at  the  base  of  the  growing  region,  since  here  gravita- 
tion continues  to  act  for  a  time  as  a  stimulus.  If  we  experiment 
with  very  rapidly  growing  thin  shoots  (e.g,  Agrostemma)  it  is 
found  that  at  a  certain  time,  the  geotropic  nutation  of  the  entire 
shoot  however  having  as  yet  by  no  means  come  to  an  end,  the 
summit  of  the  shoot  is  not  vertically  upright,  but  owing  to  geo- 
tropic after-efEect  (see  p.  443)  is  carried  far  beyond  ^ the  vertical. 
Then,  later,  under  the  influence  of  gravitation  the  apex  directs 
itself  vertically  (see  Sachs,  Flora^  1873).  In  making  the  obser- 
vations it  is  necessary  to  sketch  at  intervals  the  form  of  the 
curvature  of  the  shoot  for  the  time  being. 

It  is  also  seen  that  the  curvature  at  the  close  of  the  geotropic 
nutation  is  very  sharp.  In  earlier  stages  of  the  nutation  we  see 
particularly  clearly  that  the  curvature  does  not  correspond  with 
the  arc  of  any  circle,  but  on  the  contrary  at  a  particular  place  is 
found  a  very  sharp  curvature  (with  very  small  radius),  from  which 
point,  both  backwards  and  forwards,  it  diminishes. 


*  See  especially  Sachs  in  Arbeiten  den  hotan,  Inst,  in  WUrzburg,  Bd.  1,  and 
H.  de  Yries  in  Landwirthschl.  Jahrhiicher^  Bd.  9. 


174.    The  Causes  of  Gootropic  Curvatures. 

The  attraction  of  the  earth  is,  of  course,  not  to  be  regarded  as 
the  source  of  the  force  which  performs  the  internal  and  external 
work  in  connection  with  geotropic  curvatures.  That  force  is 
furnished  on  the  contrary  by  the  plant  itself,  and  gravity,  which 
acts  as  a  stimulus,  only  liberates  it  under  certain  conditions. 

That  a  large  amoant  of  external  work  is  done  when  negative 
geotropic  curvatures  take  place  is  at  once  clear,  if  we  bear  in 
mind  that  the  shoot-ends,  often  possessing  no  inconsiderable 
weight,  are  raised  in  the  process.  But  even  in  the  case  of  positive 
geotropic  nutations  the  structures  are  not  simply  passively 
dragged  down  by  their  weight,  but  ^themselves  actively  partici- 
pate in  the  movement  which  takes  place.  This  is  clearly  shown 
by  the  fact  that  roots  performing  positive  geotropic  curvatures 
will  force  their  way  into  mercury  (see  Fig.  145).  Into  a  vessel  of 
about  10  cm.  diameter  pure  mercury  is  poured  to  a  depth  of  3  cm. 
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We  now  fix  on  one  side,  by  means  of  shellac  or  otherwise,  a  piece 
of  cork.  To  this  is  attached  by  moans  of  a  long  pin  a  seedling  of 
ViciaFabaor  Phaseolas 
with  a  root  a  few  cen- 
timetres in  length,  in 
snch  a  way  that  the 
terminal  part  of  its 
root  rests  horizontally 
on  the  mercury.  After 
pouring  some  water 
on  to    the    surface   of 


Fig.  146.— Seedliufir   of  Vioia  Fab*,    iiihoaa  root  is 
forcing  its  way  into  mercnrj.    (After  Sachs.) 


the  mercury  we  cover  the  apparatus  with  a  bell-glass  and  let  it 
stand.  After  some  time  (perhaps  twenty-four  hours),  apart  from 
secondary  phenomena,  it  can  be  made  out  that  the  root-end  has 
forced  itself  into  the  mercury.  The  geotropically  curved  root 
overcomes  the  resistance  presented  by  the  mercury,  and  grows 
vertically  downwards  into  it  (see  Fig.  145). 

It  can  also  be  demonstrated  by  means  of  the  apparatus  depicted 
in  Fig.  146  that  roots  execute  their  downward  geotropic  cur- 
vatures with  great  force.  On  the  board  B  stands  the  metal 
pillar    S.      The    metal    bar  St    is    movable    on    S;   it    is   also 
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Fio.  146.— Apparatus  for  demonstrating  that  roots  executing 
geotropic  curvatures  can  do  work. 

capable  of  movement  in  a  horizontal  direction  from  right  to  left. 
To  fix  it  in  position  there  are  screws.  At  one  end  St  carries  the 
rod  St^,  movable  upwards  and  downwards.      This  supports  the 
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lightly  running  pulley  B,  over  which  passes  a  thread.  At  one 
end  of  this  is  suspended  the  small  glass  8ch ;  to  the  other  end  of 
it  is  attached  a  hook.  The  light  pointer  Z^  which  moves  over 
the  graduated  arc  O,  is  somewhat  widened  at  the  base.  Here  is 
attached  the  hook  above  mentioned,  and  also  another  which  sup- 
ports a  small  weight  to  balance  the  glass  8ch  when  it  dips  into 
water  contained  in  a  suitable  vessel  placed  below  it.  We  now 
suspend  from  the  hook  a  further  weight,  e.g,  about  1  gr.,  if  we 
experiment  with  seedlings  of  Vicia  Faba.  The  seedlings  are  suit- 
ably attached  by  means  of  pins  to  a  piece  of  cork  fixed  in  the 
water  vessel.  The  downward  growing  mainroot,  whose  tip  is 
introduced  into  Schy  exerts  on  this  a  pressure,  which  forces  it 
down  in  opposition  to  the  weight  attached  to  the  other  end  of  the 
thread,  and  the  pointer  Z  consequently  changes  its  position.^ 

We  know — and  we  shall  return  to  this  point  later — that  the 
geotropic  curvatures  (apart  from  the  geotropic  movements  of 
variation)  are  due  to  processes  of  growth.  Most  plants  do  not 
grow  when  deprived  of  free  Oxygen,  and  therefore,  in  a  medium 
free  from  Oxygen,  the  geotropic  nutations  also  are  arrested.  This 
is  easily  determined  by  means  of  the  apparatus  illustrated  in  Fig. 
147.  Into  the  glass  cylinder  we  bring  a  thin  strip  of  wood  J5,  soaked 
by  boiling  in  water,  and  on  this,  by  means  of  pins,  we  fasten  seed- 
lings of  Pisum  or  Phaseolus  or  epicotyls  of  the  latter  plant,  or,  e.g., 
scapes  of  Taraxacum,  St,  bearing  flower  buds.  The  regions  cap- 
able of  growth  must  be  free  and  horizontal.  The  cylinder  is 
tightly  closed  with  a  cork  through  which  pass  two  glass  tubes 


Fig.  147.— Apparatus  for  proving  that  plant  stnictures  do  not  undergo  geotropic  carTa- 
tares  in  absence  of  Oxygen. 

bent  at  right  angles.  One  of  these,  a,  is  connected  up  with  a 
Hydrogen  apparatus ;  the  other,  6,  is  the  exit  tube  for  the  gases 
leaving  the  cylinder.  For  an  hour  we  'pass  a  stream  of  moist 
Hydrogen  through  the  apparatus,  but  no  geotropic  curvature  can 
be  perceived  when  the  cylinder,  after  standing  for  a  time  vertically 
(for  about  half  an  hour  after  starting  the  current  of  Hydrogen), 
is  laid  in  a  horizontal  position.     In  a  similar  cylinder,  seedlings  or 
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shoots  exposed  to  atmospheric  air  rapidly  execute  energetic  geo- 
tropic  natations,  especially  if  the  temperature  is  high.^ 

Researches  have  led  to  the  result  that  when  gravitation  acts  as 
B  stimulus  it  does  not  directly  influence  the  growth  of  the  organs, 
but  first  affects  the  turgidity  of  their  cells.  We  experiment  with 
the  epicotyl  of  Phaseolus,  with  young  shoot  ends,  20  cm.  in  length, 
of  Aristolochia,  Taraxacum,  Plantago,  Papaver,  etc.  The  objects 
are  laid  horizontally  in  a  zinc  box  (see  173),  so  as  to  be  in  dark- 
ness and  in  a  moist  atmosphere.  When,  after  a  time  (two  to  four 
hours)  a  distinct  geotropic  upward  curvature  is  to  be  seen  in 
them,  we  lay  them  on  a  card  marked  with  a  series  of  concentric 
circles.  We  seek  the  circle  whose  curvature  coincides  most  nearly 
with  that  of  the  object,  and  observe  its  radius.  We  now  lay  the 
object  in  a  20  per  cent,  solution  of  common  salt  contained  in  a 
crystallising  glass.  After  some  hours  we  place  the  dish  on  the 
card,  and,  moving  the  limp  plasmolysed  structure  with  the  for- 
ceps, once  more  find  a  circle  most  nearly  corresponding  with  its 
curvature.  The  radius  of  this  circle  is  greater  than  that  of  the 
one  found  before  plasmolysis.  We  see  that  the  geotropically 
curved  structure  retains  a  curvature  after  plasmolysis,  and  this 
is  due  to  processes  of  gi'owth  brought  about  by  the  influence  of 
gravity.  That  portion  of  the  original  curvature,  on  the  other 
hand,  which  can  be  removed  by  plasmolysis,  must  be  ascribed  to 
conditions  of  turgidity.  After  the  objects  have  been  left  in  the 
zinc  box,  in  a  horizontal  position,  for  perhaps  twenty-four  hours, 
their  curvature  is  not  reduced  by  plasmolysis ;  it  remains  un^ 
altered  when  they  are  placed  in  the  salt  solution,  since  it  has  been 
fixed  by  processes  of  growth  in  the  cells,  and  is  therefore  no 
longer  reversible. 

If  we  place  in  our  zinc  box  in  a  horizontal  position  pieces  of 
grass  haulms  (I  experimented,  e.g.,  with  Secale),  10  cm.  in  length, 
and  each  provided  with  a  node  at  its  centre,  sticking  their  lower 
ends  into  one  of  the  sand  slopes,  a  considerable  curvature  quickly 
appears  in  the  node.  For  example,  in  one  case  which  I  observed 
it  amounted  to  45°.  After  completely  plasmolysing  the  piece  of 
haulm  the  curvature  was  reduced  to  25°,  Unmistakably,  there* 
fore,  the  co-operation  of  conditions  of  turgidity  and.  growth  in 
the  production  of  the  geotropic  curvature  is  here  also  to  be  re- 
cognised.* f 

From  what  I  have  stated  in  my  Lehrhttch  der  Pflanzenphysiologie 
concerning  the  fundamental  causes  of  geotropic  nutations,  it  may  be 

P.P.  G  G 
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maintained  that  gravity  does  not  modify  the  osmotic  pressure  of  the 
cells  in  the  region  of  curvature,  but  modifies  the  power  of  resistance 
of  the  turgor- stretched  cell  layers  (protoplasm  and  cell  membrane). 
In  negatively  geotropic  organs,  the  resistance  of  these  layers  in 
the  cells  of  the  under  side,  which  is  becoming  convex,  is  lessened ; 
that  of  the  cells  of  the  upper  side,  which  is  becoming  concave,  is 
increased.  Consequently,  the  osmotic  pressure  remaining  the 
same,  the  turgor-expansion  of  the  cells  of  the  lower  side  will  be 
increased,  that  of  the  cells  of  the  upper  side  diminished,  and  so 
we  have  at  once  the  conditions  for  a  difference  in  the  growth 
of  the  opposite  sides  of  the  strnctnre.  Presumably,  also,  the 
quantity  of  water  in  the  lower  half  of  a  structure  executing  a 
negative  geotropic  curvature  will  be  greater  thf^n  that  of  the 
upper  half,  and  indeed  Kraus  *  asserts  that  he  has  demonstrated 
such  differences  in  the  distribution  of  the  water.  Renewed  re- 
searches, however,  are  required  concerning  the  distribution  of 
water  in  geotropically  curved  plant  organs,  since  at  any  rate  the 
results  obtained  by  Kraus  respecting  the  distribution  of  water  in 
heliotropic  stems  have  not  been  confirmed  by  Thate's  observa- 
tion s.*^ 

That  in  fact  the  osmotic  pressure  of  the  cells  of  the  opposed 
sides  of  geotropically  curved  organs  is  the  same,  as  above  indi- 
cated, may  be  shown  experimentally  by  the  plasmolytic  method.' 
Bean  epicotyls  grown  in  the  dark  are  laid  horizontally.  If,  after 
upward  curvature  has  taken  place,  we  remove  thin  sections  of  the 
cortex  of  both  convex  and  concave  sides,  and  examine  microscopi- 
oally,  we  shall  observe  the  following.  If  the  sections  are  laid  in 
2  per  cent,  solution  of  Potassium  nitrate,  no  plasmolysis  is  as  yet 
exhibited.  Plasmolysis  only  appears  when  we  work  with  about 
2*5  per  cent,  solution  of  Potassium  nitrate,  and  a  solntion  of  par- 
ticular concentration  acts  in  the  same  manner  on  the  cortical  cells, 
both  of  the  convex  lower  and  concave  upper  sides  of  the  curved 
epicotyl. 

If  differences  in  osmotic  pressure  on  the  opposite  sides  of  curved 
plant  organs  are  not  to  be  regarded  as  the  cause  of  the  nutations, 
the  cause  is  probably  to  be  sought  in  a  special  behaviour  of  the 
membranes.  Wortmann  ^  has  endeavoured  to  support  this  view 
•by  the  following  instructive  experiment.  A  pot  plant  of  Phaseolos 
with  an  actively  growing  epicotyl  is  laid  horizontally.  Round  the 
tip  of  the  stem  is  fastened  a  silk  thread,  which  passes  over  a 
lightly  running  pulley,  and  carries  a  weight  sufficient  to  prevent 
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the  epicotyl  from  executing  any  geotropic  cnrvatare.  After 
thirty  to  forty-eight  honrs  we  cut  thin  transverse  sections  from 
the  growing  region  of  the  epicotyl,  and  find  on  examination  that 
the  cortical  cells  of  the  npper  side  are  very  rich  in  plasma,  have 
narrow  lamina,  and  membranes  strongly  thickened  in  a  collen- 
chymatoos  manner,  while,  on  the  contrary,  the  cortical  cells  of 
the  lower  side  are  poor  in  plasma,  have  wide  Inmina,  and  thin 
walls. 

In  the  experiments  with  the  bean  epicotyl,  the  geotropic  curva- 
ture of  which  was  prevented  in  the  manner  indicated,  we  naturally 
give  the  plasmic  structures  of  the  cells  time  to  execute  fully  and 
completely  the  movements  of  irritation  due  to  the  action  of  gravity. 
These  movements  consist  in  a  migi*ation  of  the  plasma  from  the 
lower  to  the  upper  side  of  the  stem.  The  course  of  migration 
will  obviously  be  along  the  plasmic  connections  between  the  cells. 
The  significant  accumulation  of  plasma  in  the  cells  of  the  upper 
side  of  the  stem  has  here  resulted  in  gp^eat  thickening  of  the  mem- 
branes and  consequent  feeble  surface  growth.  On  the  under  side 
of  the  stem  is  exhibited  trifling  growth  in  thickness,  but  vigorous 
surface  growth  of  the  cell  membranes.  Thus  here  the  expansion 
of  the  cells  under  osmotic  pressure  may  easily  be  considerable. 
According  to  Wortmann  all  the  irritable  movements  of  growing 
organs  are  brought  about  primarily  by  the  migration  of  the  plasma 
under  the  influence  of  the  stimuli,  this  in  turn  influencing  the 
growth  of  the  cell  membranes.  The  facts  determined  by  this 
observer  are  undoubted,  although  as  regards  their  interpretation 
there  is  no  agreement  as  yet.®  We  cannot,  however,  pursue  the 
matter  further  here. 


'  Very  beantifal  and  searching  investigations  respecting  the  pressure  which 
may  be  exerted  by  growing  plant  organs,  and  the  work  which  they  can  do, 
have  recently  been  made  by  Pfeffer.  See  Abhandlungen  dtr  KonigU  sacJu. 
GeaelUch,  d.  Wiss.^  1893,  Bd.  20.  I  am  sorry  that  I  could  not  give  more  time 
to  this  paper. 

'  See  G.  Erans,  Abhandlungen  der  Naturforschenden  Gesellsehaft  zu  Halle ^ 
Bd.  16,  and  Correns,  Flora,  1892. 

^  See  H.  de  Vries,  Landicirthschaftl.  Jahrb.,  Bd.  9,  p.  600. 

*  See  G.  Eraus,  Abhandlungen  der  Naturforschenden  GeielUcha/t  zu  Halle^ 
Bd.  15. 

^  See  Thate  in  Pringsbeim^s  Jahrbiieher,  Bd.  18. 

^  See  Wortmann,  Beriehte  d,  Deutschen  botan,  QetelUehaft,  Bd.  5,  p.  461. 

7  See  Wortmann,  Botan.  Zeitung,  1887,  p.  819,  and  1888,  p.  488. 

"  See  especially  Pfeffer,  Abhandlungen  der  KonigU  sdehs,  Getellteh.  d. 
JVissensch.,  Bd.  18,  p.  240. 
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175.    The  Function  of  the  Boot  Tip  in  Connection  with  Geotropic 

CnryatnreB. 

As  is  well  known,  it  was  asserted  with  great  posit iveness  by 
Darwin  that  the  root  tip  is  of  essential  importance  in  connection 
with  the  production  of  geotropic  cnrvatares  in  the  root.^  For 
this  and  other  reasons  he  speaks  of  a  "  brain  function  "  of  the 
root  tip,  certainly  an  unfortunate  expression,  which  may  very 
readily  lead  to  misconception.  The  question  raised  by  Darwin, 
which,  however,  had  already  been  investigated  by  Ciesielski  and 
Sachs,  has  given  rise  to  numerous  researches,  the  results  of  which 
are  partly  for  and  partly  against  his  view.^  Seedlings  of  Pisum, 
Zea,  Vicia  Faba,  or  Phaseolus  serve  best  for  our  experimented 
After  being  soaked  the  seeds  are  germinated  in  moist  sawdust 
nntil  their  roots,  growing  vertically  downwards,  have  attained  a 
length  of  2-3  cm.  Some  of  the  roots  (it  is  best  to  nse  a  good 
number,  say  twenty)  are  now  marked  with  ink  lines  at  a  distance 
of  15-20  mm.  from  the  apex,  and  half  of  the  seedlings  are  placed 
in  moist  sawdust  with  their  roots  directed  horizontally.  In  the 
case  of  the  remaining  seedlings  we  remove  the  root  tip  to  a  length 
of  1*5-2  mm.,  by  placing  the  root  on  a  sheet  of  cork,  and  with  a 
sharp  razor  cutting  ofE  transverse  slices  as  nearly  as  possible  at 
right  angles  to  the  root  until  the  desired  result  is  attained.  The 
seedlings  with  the  decapitated  roots  are  now  also  laid  horizontally 
in  moist  sawdust.  After  twenty-four  to  forty-eight  hours  we 
determine  the  amount  of  growth  in  all  the  seedlings,  and  observe 
whether  they  have  performed  geotropic  curvatures.  I  found  in 
experiments  with  Phaseolus  multiflorus  that  the  normal  roots  in 
the  course  of  forty- eight  hours  had  all  made  far  greater  growth 
than  the  decapitated  ones.  The  root  tips  had  been  removed  to 
a  length  of  2  mm.  This  result  does  not,  however,  harmonise 
with  the  statements  of  all,  though  certainly  with  those  of  some 
observers  who  have  investigated  the  matter.  My  experiments 
with  Phaseolus  showed,  moreover,  that  the  roots  of  the  intact 
plants  executed  normal  geotropic  curvatures,  but  that  the  curva- 
tures made,  it  is  true,  by  the  decapitated  roots  were  in  different 
directions,  sometimes  upwards,  sometimes  sideways,  or  again 
downwards. 

I  am  far  fi*om  wishing  to  draw  from  my  observations  conclu- 
sions respecting  the  function  of  the  root  tip  in  connection  with 
geotropic  curvatures,  since  my  experiments  with  Phaseolus>  and 
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f^imilar  ones  with  Vicia  seedlings  have  not  been  sufficiently 
numerous  to  justify  this.  In  experiments  with  Vicia  Faba,  more- 
over, I  found  that  during  the  first  twenty -four  hours  the  decapi- 
tated roots  grew  just  as  actively  as  the  intact  ones.  The  various 
questions  here  under  consideration  must  not  as  yet,  according  to 
my  own  experience,  be  considered  solved.  The  latest  work  of 
Pf offer  I  have  been  obliged  to  leave  out  of  consideration. 

In  going  through  the  literature  respecting  the  function  of  the 
root  tip  one  is  surprised  at  the  number  of  contradictions  in  the 
statements  as  to  its  significance  in  longitudinal  growth  and 
geotropic  curvatures.  It  appears  to  me  that  many  of  the  experi- 
menters in  their  investigations  have  not  paid  sufficient  attention 
to  certain  considerations.  (1)  It  is  possible  that  the  root  tip  has 
not  the  same  importance  as  regards  the  growth  and  geotropism 
of  the  root  in  different  species  of  plants.  (2)  Ifc  is  necessary,  in 
order  to  attain  trustworthy  results,  always  to  work  with  a  large 
number  of  objects.  (3)  It  is  not  a  matter  of  indifference  whether 
we  remove  lengths  of  1,  1*5,  or  2  mm.  from  the  end  of  the  root, 
since  frequently,  when  the  decapitation  is  inconsiderable,  the 
whole  of  the  root  tip,  by  which,  according  to  Darwin,  the  stimulus 
is  conveyed,  will  not  be  removed.  (4)  In  prolonged  investiga- 
tions, attention  must  be  paid  to  processes  of  regeneration  taking 
place  in  the  decapitated  root.^  (5)  With  reference  to  the  nuta- 
tion of  roots  (see  157),  we  have  to  lay  stress  on  the  position  in 
which  the  intact  and  decapitated  roots  are  disposed. 


'  See  Darwin,  Movements  of  Plants, 

'  See  Wiesner,  Bewegungsvermogen  der  Pjianzen,  1881';  Detlefsen,  Arheiten 
d.  botan.  Inst,  in  Wiirzhurg^  Bd.  2  ;  Kirchner,  Programm,  zur  64.  JaHresfeier 
der  Akadeniie  Hohenheim^  1882 ;  see  farther  statements  by  Krabbe,  Molisob, 
Wiesner,  and  Brnnchorst,  in  the  first  and  the  second  Johrgang  of  the  Berichte 
der  Deutschen  botan,  Gesellschaft, 

^  In  this  connection  see  Prantl,  Arbeiten  d.  botan.  Intt.  in    H7iri;&ur^,  Bd.  I. 


176.    Experiments  with  the  Clinostat. 

The  clinostat,  which  was  introduced  by  Sachs,^  is  one  of  the 
most  important  instruments  for  making  investigations  in  plant 
physiology.  It  enables  us  to  prevent  heliotropic  and  geotropic 
curvatures  in  plant  structures.^  An  excellent  form  of  clinostat 
was  designed  by  Pfeffer,  and  this  can  be  obtained  at  a  price  of 
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320  marks  from  Albrecht,  Tubingen  (see  Appendix).  The  hi^h 
price  of  the  instrument^  induced  Wortmann  to  have  clinostats 
constructed  in  a  much  cheaper  form  (200  marks)  by  lingerer 
Bros.,  Strassburg.*  This  Wortmann's  instrument  I  have  fre- 
quently employed,  and  can  recommend.  It  is  certainly  not  so 
good  as  the  large  apparatus  of  Pfeffer,  but  may  be  employed  in 
most  cases.     The  following  is  a  description  of  it : — 

The  TV  hole  clinostat,  as  represented  in  Fig.  148,  consists  of  two 
parts,  a  driving  mechanism  and  the  attachments,  which  latter 
are  essentially  of  the  construction  described  by  PfefEer.  The 
driving  mechanism,  A,  is  screwed  on  to  a  strong  stand,  B,  and 
consists  firstly  of  a  clockwork,  which  is  regulated  not  by  an 
anchor  [lever],  but,  in  order  to  secure  perfectly  smooth  rotation, 
by  a  fan  [shown  in  Fig.  149]  ;  and  secondly,  of  three  spindles, 
a,  hf  and  c,  standing  vertically  over  one  another,  which,  them- 
selves freely  movable,  can  by  means  of  a  push  knob,  d,  be  put  in 
gear  with  a  wheel  of  the  clockwork,  as  shortly  to  be  described, 
and  thereby  set  in  rotation.  The  arbor,  e,  receives  the  key  for 
winding  up  the  clockwork. 

The  attachments  consist  firstly  of  a  solid  shaft,  /,  which,  bj 
means  of  a  joint,  g,  can  be  attached  to  any  one  of  the  spindles 
a,  h,  c.  This  joint  enables  the  shaft  /  to  be  moved  either  in 
a  horizontal  or  vertical  direction,  and  so,  without  disarranging 
the  whole  apparatus,  we  can  on  the  one  hand  rotate  the  research 
objects  with  the  axis  of  rotation  horizontal  or  inclined  at  any 
desired  angle  up  to  45°  with  the  horizontal,  and  on  the  other  hand 
secure  different  positions  with  respect  to  the  incident  rays  of 
light.  On  the  shaft  /  is  fixed  by  means  of  a  set  screw  a  movable 
ring,  carrying  a  pin,  h^  on  which  slides  the  weight  i.  The  pin 
and  weight  constitute  a  centering  arrangement;  they  provide  a 
means  of  counterbalancing  any  overweight,  on  one  side  or  other 
of  the  axis,  of  the  objects  under  rotation,  which  might  seriously 
interfere  with  the  regularity  of  the  movement.  The  shaft  /  is 
supported  at  a  on  two  friction  rollers,  which  are  capable  of 
movement  in  a  vertical  direction — upwards  and  downwards — on 
the  pillar,  A:,  of  a  firm  stand,  and  also  capable  of  rotation  round 
the  horizontal  axis,  )9,  so  as  to  accommodate  the  shaft  /  when 
it  is  inclined  to  the  horizontal. 

To  the  end  of  the  shaft  /  is  attached  the  flower-pot  holder  L 
This  consists  of  a  three-limbed  brass  base,  into  the  segment*s  of 
which  are  rivetted  at  right  angles  three  iron  rods.     Each  of  these 
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carries  a  movable  brass  triangle  which,  as  is  seen  from  the 
drawing,  can  be  firmly  fixed  against  the  rim  of  the  flower-pot, 
which  is  thus  rendered  immovable. 

If  now  an  object,  say  a  pot  plant,  is  to  be  rotated,  we  proceed 
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Fig.  151.  Fig.  152. 

Figs.  14S-162.— Wurtmann'a  clinostat  with  attachments. 

as  follows.  The  pot  is  first  introduced  into  the  support  Z,  and 
fixed  by  means  of  the  triangles,  this  operation  being  completed  in 
less  than  a  minute.  The  pot  support  is  now  fixed  on  to  the  shaft 
/  by  means  of  the  set  screw,  and  set  in  rotation  by  a  twist  of 
the  hand  (say  against  the  pin  h,  from  which  the  weight  i  must 
previously  have  been  removed).     If  now  the  flower-pot  has  been 
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.^o  fixed  in  the  support  that  the  weight  is  in  excess  on  one  side  of 
the  axis  of  rotation,  then  a  particular  side  of  the  pot  will 
always  be  found  at  the  bottom  when  the  apparatus  comes  to  rest, 
the  centre  of  gravity  lying  below  the  axis  of  rotation.  By  now 
fixing  the  centering  arrangement  on  the  opposite  side  of  the  shaft, 
and  adjusting  the  position  of  the  weight  on  the  pin,  the  effect  of 
the  inequality  may  after  a  few  trials  be  eliminated,  so  that  the 
pot  will  come  to  rest  in  any  position  after  rotation.  When  the 
centering  has  been  accurately  performed,  the  shaft  /  is  put  in 
connection  with  the  clockwork.  This  is  effected  as  follows  bj 
simply  pushing  in  the  knob  d  of  Fig.  148. 

Each  of  the  three  spindles  a,  2),  and  c  carries  a  toothed  wheel, 
as  indicated  by  Fig.  149,  which  represents  a  longitudinal  section 
through  the  clockwork.  The  toothed  wheels  of  the  spindles  h 
and  c  engage  with  one  another  always;  that  of  the  spindle  a 
does  not  directly  engage  with  them.  By  pushing  home  a  wheel, 
'^,  shaded  in  the  drawing,  whose  teeth  gear  into  the  wheels  of 
the  two  upper  spindles,  and  also  into  one  wheel  of  the  clockwork, 
all  three  spindles  are  set  in  motion  simultaneously.  Fig.  150, 
which  represents  another  longitudinal  section  through  the  clock- 
work in  a  direction  at  right  angles  to  that  of  149,  shows  clearly 
how  the  connecting  wheel  q  is  operated. 

In  the  figure  there  is  no  connection  between  the  clockwork  and 
the  spindles,  the  connecting  wheel  q  not  being  in  gear.  By 
pressing  on  the  knob  p^  the  connecting,  wheel  is  pushed  home, 
and  by  sliding  down  the  knob  p\  it  is  held  in  place.  If  any 
operation  has  to  be  performed  on  the  research  material  while  the 
rotation  is  proceeding, — if,  for  example,  it  is  desired  to  water  the 
soil  in  the  pot  and  so  forth, — the  communication  between  clock- 
work and  shaft  must  always  be  first  broken  by  drawing  out  the 
pin  2?. 

To  effect  rotation  about  a  horizontal  or  inclined  axis,  but  with 
the  rotating  object  disposed  in  a  direction  at  right  angles  to  that 
indicated  in  Fig.  148,  we  fix  the  flower- pot  by  means  of  wire  into 
one  of  the  three  rings  represented  in  Fig.  151.  For  inclined  axis 
of  rotation  the  friction  I'ollers  are  fixed  on  a  second  very  strong 
stand. 

If  we  are  concerned  with  observations  on  objects  requiring 
to  be  kept  in  a  moist  space,  such  as  say  fungi  (sporophores  of 
Phycomyces),  root*,  disconnected  plant  structures,  etc.,  we  may 
fix  them  on  a  brass  axis  80  cm.  long  (not  represented  in  the  figures) 
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which  is  led  through  a  glass  case  containing  moist  air,  and  whose 
extreme  end,  ontside  the  case,  is  then  supported  by  the  stand  with 
the  friction  rollers. 

If  it  is  required  to  rotate  the  objects  about  a  vertical  axis,  the 
clinostat  must  be  arranged  in  a  different  manner,  since  the  driving 
apparatus  is  not  movable. 

Fig.  152  shows  the  clinostat  arranged  with  the  axis  of  rotation 
vertical.  A  bevel  wheel  is  put  on  one  of  the  spindles  a,  6, 
c,  the  teeth  of  which  gear  into  those  of  a  second  bevel  wheel. 
The  latter  can  be  fixed  in  any  desired  position  on  a  vertical  shaft, 
Wy  which  rests  on  a  steel  bed,  carries  at  the  top  a  flat  brass  disc, 
and  by  means  of  a  set  screw,  r,  can  very  quickly  be  clamped  to 
the  driving  apparatus. 

The  rates  of  rotation  of  the  three  spindles  are  different,  and  so 
arranged  that  without  loading,  and  with  the  axis  of  rotation 
horizontal,  one  revolution  of  a  is  made  in  ten  minutes,  of  b  in 
fifteen  minutes,  and  of  c  in  twenty  minutes.  But  if  it  is  re- 
quired, greater  rapidity  may  be  secured  by  closing  the  fan. 

The  clockwork  requires  winding  up  every  twenty  to  twenty-one 
hours. 

The  advantages  of  the  clinostat  are  as  follows : — 

(1)  In  rotation  all  possibility  of  shocks  is  eliminated,  so  that 
a  perfectly  even  movement  of  the  objects  is  rendered  possible. 

(2)  It  is  very  convenient  for  transport,  and  can  hence  be  set 
up  on  any  work-table. 

(3)  Since  the  clockwork  is  almost  noiseless  in  its  movement, 
the  apparatus  is  suitable  even  for  lecture  demonstrations. 

(4)  The  manipulation  is  exceedingly  simple.  The  material  for 
observation  can  in  the  course  of  one  to  two  minutes  be  mounted, 
attached  to  the  apparatus,  and  set  in  movement.  The  removal 
of  the  objects  is  effected  just  as  simply. 

(5)  The  strength  is  ample  for  ordinary  experiments.  Tests 
showed  that  with  the  axis  of  rotation  horizontal  (as  represented 
in  Fig.  148),  and  with  a  load  of  2  kg.,  the  movement  was  still 
perfectly  smooth  and  regular,  though  certainly  it  was  retarded  by 
one  minute  per  revolution.  With  the  axis  vertical,  however  (as 
represented  in  Fig.  152),  a  load  of  5  kg.  could  be  employed  with- 
out retarding  the  rotation. 

(6)  The  price  of  the  apparatus,  including  accessories,  is  200 
marks. 

In  order  to  obtain  a  general  idea  of  the  efficiency  of  our  appar- 
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atas,  and  to  stady  the  behaviour  of  many  plant  oi^ans  under 
different  forms  of  rotation,  we  make  the  following  experiments. 
We  pnt  the  clinostat  in  front  of  the  window,  and  on  the  disc  (see 
Fig.  152)  rotating  horizontally  about  a  vertical  axis,  place  a 
flower-pot  containing  a  few  very  sensitive  heliotropic  seedlings 
(Sinapis,  Lepidium)  which  have  just  emerged  from  the  soil,  and 
which  have  hitherto  been  kept  in  the  dark.  As  long  as  the  rota- 
tion continues,  these  seedlings  undergo  no  heliotropic  nutations, 
in  spite  of  the  one«sided  illumination,  while  similar  objects  not 
rotated  all  curve  over  towards  the  window. 

In  order  to  eliminate,  in  experiments  with  seedlings,  etc.,  the 
one-sided  action  of  gravity,  the  axis  of  rotation  must  be  accurately 
horizontal  (see  Fig.  148). 

Rotation  in  the  vertical  plane  taking  place  at  the  rate  of  one 
revolution  per  ten  to  fifteen  minutes  is  slow  enough  to  prevent  any 
effect  of  centrifugal  force.  Above  all,  it  is,  however,  exceedingly 
important,  in  order  to  secure  uniform  rotation,  that  the  loading 
of  the  axis  shall  be  uniform  all  round.  This  can  be  effected  by 
means  of  the  pin  h  and  the  weight  i  (see  Fig.  148).  The 
seedlings  themselves,  e.g,  maize,  pea,  or  bean  seedlings,  grown  in 
sawdust,  are  placed  in  a  drum  constructed  out  of  thin  sheet  zinc. 
This  is  put  in  the  pot-holder  in  place  of  a  flower-pot,  and  suitably 
fixed.  The  base  of  the  drum  is  formed  by  a  piece  of  soft  wood, 
so  that  the  long  pins  which  carry  the  seedlings  may  be  fixed  with- 
out difficulty.  The  sides  of  the  drum  are  covered  inside  with 
several  layers  of  moistened  blotting-paper,  as  also  the  non-growing 
parts  of  the  seedlings.  On  the  base  of  the  drum  we  spread  moist 
cotton  wool,  which  is  held  in  place  by  means  of  small  pins.  It  is 
also  very  convenient  to  experiment  as  follows.  We  connect  up 
one  end  of  a  shaft  about  80  cm.  in  length  with  the  clockwork  of 
the  clinostat,  while  the  other  end  rests  on  friction  rollers.  We 
now  slip  a  tightly-fitting  cork  over  the  shaft,  so  that  it  can  be 
rotated  like  a  wheel  in  the  vertical  plane.  The  seedlings  are 
then  fixed  on  the  periphery  of  the  cork  with  two  pins  each,  so 
that  the  weight  is  distributed  as  evenly  as  possible.  Under  the 
cork  stands  a  reservoir  of  water,  so  that  the  plants  at  each  revo- 
lution of  say  twenty  minutes  dip  for  a  while  (one  to  two  minutes) 
into  water.  By  covering  with  a  glass  box,  provided  with  corre- 
sponding slits  for  the  shaft,  the  air  in  the  neighbourhood  of  the 
seedlings  is  kept  moist.  The  whole  apparatus  is  put  in  a  dark 
chamber. 
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The  objects  (e.gr.,  four  seedlings  of  Phaseolns,  Pisum,  or  Vicia 
Faba)  are  fixed  on  the  cork,  when  the  main  root  has  just  emerged. 
We  ^x  them  with  their  main  roots  making  different  angles  with 
the  axis,  and  find  after  some  days  (it  is  best  to  experiment  at  a 
comparatively  high  temperature,  say  20°  C.)  that  all  the  roots 
have  lengthened  in  the  original  direction  of  growth,  assuming 
uniform  movement  of  the  apparatus.  Occasional  curvatures 
may  appear  in  the  roots ;  they  are  not,  however,  geotropic  nuta* 
tions,  all  similarly  directed,  but  spontaneous  nutations. 

As  regards  the  lateral  roots,  these,  after  a  time,  grow  out  from 
the  main  roots  of  the  seedlings  which  have  been  rotating  from 
the  commencement  of  germination.  The  angle  which  they  make 
with  the  main  root,  the  so-called  "  proper  angle  "  of  the  lateral 
roots  of  the  first  order,  is  determined  in  our  experiment  by  in- 
ternal causes  alone.  This  proper  angle  is  in  different  objects, 
and  in  the  individual  lateral  roots  of  a  particular  main  root,  by 
no  means  always  the  same.  In  general  it  happens^  as  can  easily 
be  made  out  by  measuring  the  angles,  that  the  lateral  roots  at  the 
base  of  the  root  are  directed  almost  or  exactly  at  right  angles  to 
the  main  root,  while  the  later  ones  have  an  acute  "  proper 
angle";  they  are  inclined  towards  the  apex  of  the  main  root. 
Frequently  also  the  lateral  rootlets  bend  in  the  form  of  an  ara. 
Seedlings  of  Phaseolus  are  particularly  suitable  for  investiga- 
tions of  this  kind.  In  this  plant  lateral  roots  are  also  usually 
given  off  by  the  short  hypocotyl,  which,  as  must  be  specially  men- 
tioned, exhibit  an  obtuse  "proper  angle." 

In  order  to  subject  plants  to  one-sided  illumination,  but  elimin- 
ate the  one-sided  infiuence  of  gravity,'  the  axis  of  the  clinostat 
must  be  directed  parallel  to  the  incident  rays  of  light.  The  plane 
of  ix)tation  of  the  objects  must  make  a  right  angle  with  the  rays 
of  light.  The  pots,  in  which  the  plants  grow,  are  fixed  in  one  of 
the  rings  depicted  in  Fig.  151,  in  the  manner  already  described  on 
p.  456.      For  moi*e  detailed  information  see  178. 

A  cube  of  bread,  with  sides  4-5  cm.  in  length,  is  moderately 
(not  too  much)  moistened  with  water.  It  is  best  to  sterilise  the 
cube  while  moist  by  exposing  it  for  some  hours  in  a  crystallising 
glass  covered  with  a  sheet  of  glass  to  a  temperature  of  rather 
more  than  100°  C.  in  a  drying  chamber.  The  cube  is  now  pushed 
over  the  brass  shaft  (80  cm.  in  length)  of  the  clinostat,  one  end 
of  which  communicates  with  the  clockwork,  while  the  other  i^sts 
on  the  friction   rollers.     The   shaft   is   perfectly  horizontal   and 
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parallel  "with  the  window  panes.  The  cube  is  held  securely  at  the 
middle  of  the  shaft  by  means  of  tightly  fitting  corks  slipped  on  to 
the  shaft  to  the  right  and  left  of  it.  Below  the  shaft  of  the 
clinostat  is  a  zinc  dish,  50  cm.  long  in  the  side,  containing  water. 
A  glass  case  traversed  by  the  shaft,  and  standing  in  the  water, 
serves  to  keep  the  air  about  the  bread  moist.  The  case  has  a 
zinc  framework ;  this,  on  the  two  sides  where  the  shaft  passes 
through  it,  possesses  slits,  which  when  the  apparatus  is  com- 
pletely put  together  can  be  sufficiently  closed.  The  front  and 
back,  and  also  the  roof  of  the  case,  is  formed  by  panes  of  glass. 

To  make  an  experiment,  some  sporangia  of  Mucor  or  Phyco- 
myces  nitens  are  distributed  in  sterilised  water.  By  means  of 
a  flat  needle,  sterilised  by  heating,  we  sow  all  six  faces  of  the 
cube  of  bread  with  spores,  and  after  covering  with  the  glass  box, 
at  once  set  the  clinostat  in  rotation.  After  a  few  days  the  sporan- 
giophores  rise  from  the  substratum,  and  quickly  attain  a  con- 
siderable length.  The  sporangiophores  on  the  flanks  of  the  cube, 
which  we  shall  not  farther  consider,  are  certainly  somewhat 
curved,  since  from  time  to  time,  at  each  revolution,  they  come 
into  the  shade  of  the  shaft,  whereby  heliotropic  curvatures  are 
occasioned.  On  the  other  faces  of  the  cube,  however,  the  sporan- 
giophores are  straight ;  they  are  directed  at  right  angles  to  the 
substratum.*  This  relation  of  the  organs  to  the  substratum,  which 
is  certainly  not,  as  supposed  by  some  physiologists,  caused  by  the 
mass  of  the  bread,  comes  about  in  rather  a  complicated  manner.^ 

It  cannot  be  due  to  geotropism,  since,  of  course,  the  one-sided 
influence  of  gravitation  is  eliminated  by  the  rotation  of  the  object 
on  the  clinostat.f  But  negative  hydrotropism,  which  will  be  more 
closely  considered  below,  is  of  importance,  and  the  capacity  of 
the  sporophores  to  re-act  by  irritation  curvatures  to  the  stimulus 
of  contact,^  and  of  one-sided  illumination,  also  demands  attention. 

We  can  easily  convince  ourselves  of  the  heliotropic  instability 

*  The  Bporophores  on  the  edges  of  the  cube  are  disposed  iu  a  direction  which 
bisects  the  angle  made  by  the  corresponding  faces. 

t  That  does  not  say,  of  coarse,  that  the  sporophores  of  Macor  are  notgeotropic- 
ally  irritable.  They  are  highly  irritable.  If,  e.g.y  a  cube  of  bread,  sown  with 
spores  of  Mncor,  is  stack  on  a  long  pin  and  suspended  by  means  of  it  in  a  large 
glass  cylinder,  whose  base  is  covered  with  water,  then  la  a  few  days,  the  cylinder 
being  kept  in  the  dark,  erect  sporangiophores  spring  from  the  upper  face  of  the 
cube.  The  sporangiophores  which  develop  on  the  flanks  of  the  cube  arch 
upwards,  exhibiting  negative  geotropic  irritability.  From  the  base  of  the  cube 
grow  branched  mycelial  threads,  which  exhibit  positive  geotropism. 
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of  the  stractares  by  illuminating  from  one  side  in  a  heliotropic 
chamber  (see  178)  straight  sporangiophores  grown  on  cubes  of 
bread  in  the  dark.  And  if  now,  in  clinostat  experiments  with 
access  of  light,  the  sporangiophores  grow  out  obliquely  to  the 
surface  of  the  cube  of  bread,  the  side  which  they  turn  toward* 
the  face  of  the  cube,  whether  that  face  is  directed  towards  the 
window  or  away  from  it,  is  always  more  feebly  illuminated  than 
the  opposite  one.  Heliotropic  effects  must  therefore  follow,  and 
these,  like  the  hydrotropic  processes  which  are  certainly  of  pri- 
mary importance,  would  bring  the  sporangiophores  into  a  direction 
at  right  angles  to  the  substratum. 

We  now  fix  on  the  shaft  of  the  clinostat  soaked  cubes  of  turf 
(length  of  side  about  5  cm.),  and  sow  them  with  seeds  of  Lepidium 
sativum  or  Sinapis  nigra,  leaving  the  two  flanks  unsown.  The 
seeds  cling  to  the  wet  turf,  and  do  not  require  specially  fixing. 
The  clinostat,  with  the  glass  case  in  situ,  is  placed  with  its  shaft 
parallel  to  the  window  panes,  exposed  to  bright  difiEused  light, 
and  set  in  motion.  After  several  days  we  observe  that  the  de- 
veloping roots,  owing  to  their  positive  hydrotropism,  are  clinging 
tightly  to  the  moist  substratum,  even  penetrating  it  in  part.  The 
hypocotyls  at  first  vigoix)usly  nutate;  soon,  however,  they  take 
up  a  position  at  right  angles  to  the  surface  of  the  turf.  This,  as 
was  shown  by  Dietz,  is  not  due  at  all,  or  only  in  a  subordinate 
way,  to  hydrotropism,  or  contact  stimulus.  Here  we  really  have 
to  do  with  heliotropic  effects,  brought  about  in  fact  in  the  same 
manner  as  was  described  in  the  case  of  the  sporangiophores  of 
Mucor.  If,  viz.,  we  allow  cubes  of  turf,  sown  with  Lepidium 
or  Sinapis,  to  rotate  slowly  about  an  horizontal  axis  in  the  dark, 
then  the  hypocotyls  do  not  stand  at  right  angles  to  the  sub- 
stratum, but  assume  the  most  various  directions.  Seedlings  of 
Phleum  pratense  are  also  very  suitable  for  experiments  with  the 
clinostat,  but  they  do  not  gi*ow  so  rapidly  as,  e.g,,  seedlings  of 
Lepidium.  If  we  sow  cubes  of  turf  standing  in  water  with  seeds 
of  Phleum,  and  cover  with  a  cardboard  box,  the  plumule  of  the 
seedlings  on  the  horizontal  upper  surface  grows  vertically  up- 
wards, The  plumule  in  the  seedlings  lying  on  the  vertical  sides 
of  the  cube  arches  upwards,  owing  tq  its  great  geotropic  irrita- 
bility. 


^  See  Sachs,  Arbeiten  des  hotan.  Inst,  in  Wiirzhurg,  Bd.  I.,  p.  597,  and  Bd.  II. 
p.  215. 
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^  Sachs  and  Noll  described  the  special  behaviour  of  dorsiventral  organs  when 
rotated  on  the  clinostat  (Flora,  1893). 

3  Albrecht  also  supplies  a  clinostat  for  220  marks. 

*  See  Wortmann,  Berichte  d.  DeuttcJien  hotan.  GeselUchaft,  Bd.  4. 

^  See  Sachs,  Arbeiten  des  botan.  Inst,  in  Wurzhurg,  Bd.  2,  p.  217  ;  and  Dieiz, 
Unters.  a.  d.  botan,  Inat.  zu  Tubingen,  Bd.  2,  p.  478. 

^  See  Wortmann,  Botan,  Zeitung,  1887,  No.  49. 


177.    Experiments  with  the  Centrifugal  Apparatus. 

I  will  fii*st  deRcribe  a  form  of  centrifugal  apparatus  designed 
by  myself,  and  depicted  in  Fig.  153,  which  can  be  very  easily 
and  cheaply  constructed,  and  which  is  very  suitable  for  de- 
monstration purposes.  The  most  important  part  of  the  apparatus 
is  the.  bi*ass  shaft  A^  about  50  cm.  in  length,  which  carries  the 
zinc  disc,  Z,  40  mm.  in  diameter,  on  which  are  soldered  the  six 
metal  vanes,  3  cm.  wide  and  76  cm.  long.     At  the  opposite  end 


Fio.  159. — Centriftigal  apparatus. 


of  the  axis  is  fixed  a  disc  of  wood,  H,  140  mm.  in  diameter,  to 
which  is  attached  a  sheet  of  cork.  The  zinc  ring,  Zr,  is  fixed 
to  the  margin  of  the  disc  of  wood,  but  projects  beyond  it,  and 
may  be  employed  to  give  support  to  a  zinc  cylinder  abont  11  cm. 
in  length,  closed  at  one  end,  and  serving  as  a  cover,  so  that,  e.g.y 
seedlings,  fixed  to  the  cork  with  pins,  are  excluded  from  the  light 
when  the  cover  is  put  on.  In  the  drawing  the  wooden  disc,  fl, 
carries  a  bell-glass,  K.  The  shaft  A  rests  at  6  in  a  bearing. 
At  c  is  a  second  point  of  support  for  the  shaft,  the  end  of  which 
here  forms  a  point.  As  our  drawing  shows,  the  arrangement 
described  is  supported  by  a  box.     This  is  abont  15  cm.  high,  27 
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cm.  broad,  and  41  cm.  long.  The  walls  of  the  smaller  com- 
partment in  which  the  vanes  are  to  move  are  lined  with  sheet 
zinc.  In  the  front  is  an  opening  which  is  closed  by  means  of  a 
pei-f orated  cork.  Through  this  passes  a  glass  tube,  the  end  of 
which  towards  the  vanes  is  somewhat  drawn  out,  while  over  the 
other  end  can  be  slipped  a  tube  connecting  with  the  water  supply. 
By  directing  a  stream  of  water  on  the  vanes  200-300  revolutions 
per  minute  can  be  obtained  if  the  force  of  water  is  fairly  strong. 
To  avoid  scattering  of  the  water  the  smaller  compartment  is 
provided  with  an  arched  wooden  cover.  The  water  dropping 
from  the  vanes  is  carried  ofE  by  a  hole  in  the  bottom  of  the  box 
direct  into  the  sink  on  which  the  apparatus  is  placed. 

Suitable  objects  for  examination  are,  e.^.,  pea  seedlings  grown 
in  moist  sawdust,  and  provided  with  roots  about  2  cm.  long.  The 
cork  which  rests  on  the  wooden  disc  H  is  soaked  with  water, 
and  on  it  is  placed  wet  cotton  wool.  This  is  fixed  by  means  of 
pins.  We  attach  the  seedlings  to  the  cork,  likewise  with  pins, 
near  its  periphery,  say  with  their  main  roots  directed  parallel 
with  the  axis  of  rotation.  The  zinc 
cover  is  now  coated  on  the  inside 
with  moist  blotting-paper  and  put 
on.  In  my  investigations  at  about 
20°  C,  the  result  was  already  very 
obvious  after  three  hours'  rotation. 
The  growing  root  tips  of  the  seed- 
lings fixed  to  the  disc  of  the  appar- 
atus in  various  directions  had  all 
curved  outwards,  so  that  they  now 
formed  a  right  angle  with  the  axis        fig.  164.-Seediinfir8  of  Piaum, 

£        A    A'  /  Tn«         ifejN         X  whoae  root  tips,   owing    to  rapid 

of  rotation    (see    Fig.    154).       In  ex-      roUtion  of  the  diBC  of  a  centrifagal 

periments     lasting    for     some    time,     »pr»»ta«,  have  curved  about  a 

1  .  1  •    i       1    1    o  .     <■  horizontal  axis. 

Which,  c.gf.,  are  intended  for  study- 
ing the  behaviour  towards  centrifugal  force  of  the  secondary 
roots  of  seedlings,  it  is  necessary  to  interrupt  the  experiments, 
say  every  three  to  four  hours,  in  order  to  keep  the  cotton  wool 
on  the  cork  and  also  the  seedlings  sufficiently  moist  by  renewed 
watering. 

The  apparatus  described  is  not  strong  enough  to  support  flower- 
pots containing  soil  and  seedlings.  But  in  order  to  demonstrate 
the  influence  of  centrifugal  force  on  growing  stems  I  proceed  as 
follows :— 
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Two  short  test-tnbeSy  about  55  mm.  long  and  25  mm.  wide,  are 
filled  with  moist  sawdust.  In  this  we  lay  a  few  seeds  of  Lepidinm 
sativum.  In  the  dark  they  rapidly  begin  to  germinate,  and 
when  the  hypocotyls,  with  their  ends  nodding,  have  emerged  from 
the  sawdust,  the  experiment  can  begin.  To  fasten  the  culture 
cylinders  diametrically  opposite  one  another,  at  the  periphery  of 
the  cork,  we  slip  them  into  pieces  of  cork  perforated  in  the 
middle,  and  attach  these  by  means  of  several  pins  io  the  laige 
cork  plate  of  the  apparatus.  After  some  hours  the  result  of  the 
experiment  is  clearly  to  be  made  out.  The  hypocotyls,  directed 
at  the  beginning  of  the  experiment  parallel  with  the  horizontal 
axis  of  rotation,  have  experienced  a  fresh  curvature  somewhat 
below  the  place  at  which  they  are  curved  owing  to  spontaneous 
nutation.  The  parts  of  the  hypocotyl  lying  above  this  new  zone 
of  curvature  have  directed  themselves  towards  the  centre  of  the 
disc,  not  like  the  growing  root  tips  towards  the  periphery  of  the 
disc.  Seedlings  of  Triticum  are  also  suitable  objects  for  investiga- 
tion. 

I  have  now  designed  a  large  centrifugal  apparatus  (to  be 
obtained  for  70  marks  from  G.  Tegetmeier,  mechanician  at  the 
Physical  Institute  at  Jena),  by  means  of  which,  e.g.,  even  large 
flower-pots,  with  soil  and  plants  growing  in  them,  can  be  sub- 
mitted to  rapid  rotation  (e.g,  300  revolutions  per  minnte),  and 
which  serves  very  well  for  thoroughly  investigating  the  in- 
fluence of  centrifugal  force,  on  plants.  I  have  indeed  already 
made  many  experiments  with  this  arrangement. 

In  Fig.  155  the  apparatus  is  represented  as  arranged  for  rotation 
about  a  vertical  axis. 

On  the  stout  board  B  is  screwed  a  metal  bracket,  Jf .  Along- 
side this  is  the  support  Ah  for  the  shaft,  which  can  be  fixed 
rigidly  to  M  by  means  of  the  set  screw  Sch  and  the  pin  St 
when  the  axis  of  rotation  is  required  to  be  vertical.  The  shaft 
has  a  length  of  20  cm.  At  a  it  rests  on  a  pivot  not  visible  in 
the  drawing ;  at  &  is  a  bearing  for  the  shaft.  Over  the  grooved 
disc,  c,  which  is  attached  to  the  shaft,  can  be  passed  an  endless 
cord.  The  shaft  support  is  perforated  at  d.  In  the  perforation 
is  inserted  the  lower  end  of  the  metal  tube,  Mvy  which  has  a  very 
fine  opening.  Into  this  tube  we  pour  a  little  oil  to  ensure  adequate 
lubrication  of  the  bearing  at  high  rates  of  revolution.  Oil  is  also 
applied  at  intervals  to  the  end  a  of  the  shaft.  If  the  apparatus 
has  not  been  in  use  for  some  time,  it  must  be  freed  at  a  and  b 
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from  possibly  dried  np  oil  (the  apparatus  must  be  kept  in  a  place 
as  free  from  dasfc  as  possible).  Petroleum  is  very  good  for  the 
purpose. 

To  the  shaft  is  now  fixed  the  metal  disc  Msch,  which  is 
about  17  cm.  in  diameter.  This  disc,  seen  from  above  in  Fig.  156, 
is  provided  in  the  neighbourhood  of  its  periphery  with  three  slots, 
in  which  the  three  flower-pot  supports  can  move.     Each  of  these 


Fia.  166.— Csntritn^ral  sppar«tDi>. 

supports  consists  of  a  vertical  rod,  which  at  the  base,  as  indicated 
in  Fig.  15G,  carries  a  metal  plate;  a  screw  situated  below  the 
disc  (the  three  screws  are  lettered  q,  t,  i),  and  serving  as  a 
clamp ;  and  a  sliding  piece  (the  three  sliders  are  lettered  t, 
tt,  and  !■),  to  fix  the  flower-pot  after  it  has  been  placed  on  the 
disc.  If  the  rotation  is  required  to  be  in  the  vertical,  instead  of 
in  the  horizontal  plane,  so  as  to  eliminate  the  influence  of  gravity, 
the  shaft  must  be  fixed  horizontally.  This  is  managed  by  loosen- 
ing the  set  screw  Sch,  removing  the  pin  St,  turning  the  shaft 
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support  through  an  angle  of  90°,  so  that  its  end  rests  on  the  metal 
rod  indicated  in  Fig.  155  hj  dotted  lines,  and  standing  i»t  right 
angles  to  the  board  B,  and  then  again  tightening  the  set  screw 
Sch,  If  the  plants  in  the  flower-pots  are  to  be  removed,  daring 
rotation,  from  the  influence  of  light,  we  employ  sufficiently  deep 
sheet  zinc  cylin'ders,  pierced  near  the  rim  -with  holes  so  that  they 
may  be  fastened  to  the  disc  of  the  apparatus  by  the  screws 
lettered  A,  i,  k,  in  Fig.  156.  In  use  the  apparatus  is  screwed 
to  a  bed-plate,  which  it  is  best  to  flz  on  iron  brackets  let  into 

the  wall. 

The  screws,  as  also  all  the  other 
screws  in  connection  with  the 
apparatus,  must  be  well  tightened 
so  that  they  will  not  shake  loose 
during  the  rapid  rotation.  The 
apparatus  is  worked  by  a  water 
motor  (Herbertz,  Cologne),  to 
which  the  necessary  water  is 
supplied  by  means  of  a  tube 
screwed  on  the  tap  of  the  water 
supply.  The  motor  is  connected 
with  the  centrifugal  apparatus 
by  means  of  an  endless  cord,  and 
a  high  rate  of  rotation  (four  to  five  revolutions  per  second)  can . 
easily  be  attained. 

For  examination  we  first  employ  cress  seedlings  grown  in  well- 
soaked  garden  soil.  On  the  disc  Msch  we  lay  moist  blotting- 
paper,  place  a  flower-pot  on  the  disc  exactly  in  the  middle,  fasten 
it  carefully  with  the  supports  and  at  once  begin  the  investigation, 
which  soon  leads  to  the  result  already  indicated  above. 

I  also  experimented,  e.g.,  with  young  wheat  seedlings  grown  in 
pots.  At  a  high  summer  temperature  the  plumule  had  already 
curved  towards  the  centre  of  the  disc  after  two  to  three  hours' 
rotation.  In  experiments  on  the  influence  of  centrifugal  force 
on  the  growth  of  roots,  it  is  best  to  proceed  as  follows.  The  pot 
supports  are  removed  from  the  disc,  and  we  place  on  it  a  zinc 
cylinder  about  15  cm.  long,  pierced  near  the  lower  end  with  three 
holes,  so  that  it  can  be  fixed  by  means  of  the  screws  ^,  i-,  and 
k.  Just  above  these  holes  is  the  bottom  of  the  cylinder,  which 
therefore  rests  directly  on  the  disc  Much,  The  upper  open  end 
of  the  cylinder  is  provided   with   a  cover.     The  inside  of  the 


Fig.  156.— DiRO  of  the  centrifugal 
apparatoB  repreaented  in  Fig.  165,  seen 
from  above. 
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cylinder  is  covered  with  moist  blotting-paper.  On  the  bottom  of 
the  cylinder  we  fasten  a  sheet  of  cork  soaked  with  water,  and 
cover  it  with  wet  cotton  wool.  The  seedlings  are  pinned  to  the 
cork  as  far  as  possible  from  the  centre.  Care  mnat  be  taken  that 
they  are  kept  sufficiently  moist.  Seedlings  of  Pisum  with  roots 
about  2  cm.  long  are  very  suitable  for  investigation.  To  stndy 
the  bebavioor  of  secondary  roots  we  employ  seeds  of  Vicia  Faha. 
Experiments  made  with  the  axis  of  rotation  horizontal  are  con- 
tinned  for  some  time,  and  we  find  that  the  secondary  roots  nnder 
(be  inflnence  of  the  centrifagal  force  all  cnrve  outwards.' 

■  See  Knight,  PhilontphUal  Tram.,  1806,  T.  1,  p.  99 ;  and  Ssohi.  ArbeiUn  d. 
botan.  Intt.  in  WUrzbarg,  Bd.  1,  p.  607. 


178.    Heliotropic  Nutations. 
Many  plant  strnctnres,  especially  young  stems,  when  exposed 
to  one-sided  illumination,  bend  towards  the  raya  of  light ;  they 
are  positively  heliotropic.     Some  strnctures,  e.g.  the  roots  of  many 
Cruciferse,  are  negatively  heliotropic ;  under  one-sided  illumina- 
tion, they  curve  away  from  the  light.     A  small  glass  vessel,  over 
the  mouth  of  which  is  firmly  tied  a  piece  of  small-meshed  netting, 
is  completely  filled  with  spring  water. 
Some     seedlings    of     Si  nap  is      alba, 
germinating    in    sawdust,  are    fixed 
in  the  meshes  of  the  net   by   means 
of  cotton    wool.     The  vessel  is  then 
covered  for  a  day  with  a  bell-glass, 
and  this  with  a  cardboard  box.     As 
germination  proceeds  in  the  dark  the 
roots  grow   straight  down   into    the 
water,    while    the    hypocotyls    grow 
vertically  upwards.     In  order  now  to 
submit    our   plants    to  the  influence 
of  one-sided    illumination,   we    place 
the  vessel  with  the  seedlings   under 
a,  beaker,  covered,  with  the  exception 
of    a    small    slit,    with     dnll    black 
paper,    or    under    a    cardboard    box 
provided  with  a  slit,  and  covered  on 
the  inside  with     dull     black   paper. 
After  a  few  hoars  it  can  already  be  clearly  seen  that  the  hypo- 


D.  1(7.— Seedlins  ot  Biukpli 
,  Th«  hypocolyl  eihibiM  » 
tiro  betkotropic  cnrTataTO,  the 
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coty Is  of  the  Beedlinga  have  tamed  towards  the  rays  of  light 
passing  throagb  the  slit,  while  the  roots  on  the  contrary  have 
turned  away  from  the  lijfht.  In  JPig.  157  ia  depicted  a  seedling 
whose  hypocotyl  has  performed  a  positive  beliotropic  natation, 
while  its  root  has  experienced  negative  heliotropic  natation. 

Only  comparatively  few  plant  stmctnres  are  negatively  helio- 
ti'opic.  Positive  heliotropism  on  the  other  hand  is  very  common. 
Good  research  material  is  fonnd  in  seedlings  of  Phaseolos  mnlti- 
florna,  Vicia  sativa,  and  Lepidiam  sativum,  grown  in  the  dark. 
We  cnltivate  the  plants  in  small  fiower-pots,  filled  with  loose 
garden  earth,  and  when  the  epicotyls  or  hypocotyls  as  the  case 
may  be  are  in  vigoroQS  growth,  expose  them  to  anilateral  illami- 
nation  in  the  manner  above  described.  The  heliotropic  nntations 
are  soon  exfaihited,  and  often  proceed  till  the  ends  of  the  shoots 


are  parallel  with  the  incident  raja  of  light.  The  heliotroi>ic 
sensitiveness  of  different  strnctnres  is,  however,  by  no  means  the 
same.  For  example,  the  epicotyls  of  Vicia  sativa,  and  plnmales, 
say  2  cm.  in  length,  of  Triticnm  vnlgare,  are  very  sensitive, 
while  the  epicotyls  of  Phaseolos  do  not  react  so  vigoronsly  to  the 
stimnlns  of  light.  If  wo  cnt  yonng  shoots  of  Sambncns  nigra, 
and,  after  stripping  off  their  leaves,  place  them  with  their  lower 
ends  in  water,  and  then  illuminate  them  from  one  side,  we  Bnd 
that  they  only  slowly  bend  towards  the  light.  Their  heliotropic 
irritability  appears  at  all  events  to  be  insignificant,  bnt  fnrther 
information  can  only  be  obtained  by  searching  investigation  wilh 
the  clinostat,  with  elimination  of  geotropic  nntations  (see  also 
below). 

It  is  also  very  convenient,  especially  in  demonstrations,  to  prove 
the  occurrence  of  heliotropic  nntations  by  means  of  a  so-called 
heliotropic  chamber.  This  consists  of  a  box  made  of  stout  card- 
board, abont  16  cm.  high,  20  cm.  long,  and  12  cm.  broad  (see 
Fig.  158).     The  box  is  covered  inside  with  dull  black  paper,  and 
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the  cover  and  bock  coa  be  folded  ba,ck.  The  front  of  the  box  ia 
provided  with  an  opening  1^  cm.  wide,  and  carries  the  tobe  E. 
The  tnbe  ia  closed  at  the  front  by  a  plaf«  provided  with  a  slit. 
This  slit  is  in  a  straight  line  with  the  slit  c  of  the  box.  We 
raise  Beedling;e  of  Sinapis  or  Lepidiam  in  small  flower-pots.  When 
the  plants  have  just  emerged  from  the  soil,  we  put  one  of  the 
fiower-pota  into  the  helJotropic  chamber,  direct  the  slit  b  at  the 
window  towards  white  clonds,  or  towards  a  white  wall  illaminsted 
by  the  aan,  and  even  after  a  few  honrs  we  find  that  the  plants  have 
curved  heliotropicallj.     (See  Sachs,  Lectures.) 

If  seedlings  of  Lepidium  sativum  or  other  objects  are  very 
feebly  illuminated,  they  curve  only  slowly  towsj^is  the  light. 
In  investigations  which  I  made  with  seedlings  of  Lepidinm 
hitherto  gi'owa  in  the  dark,  the  stems  exhibited  heliotropic 
nutations  more  rapidly  when  placed  in  diffuse  light  immediately 
in  front  of  a  window  looking  to  the  south,  than  when  they  were 
placed  several  metres  from  the  window  and  illuminated  unilater- 
ally. On  the  other  hand  it  appears  that  high  intensity  of  light 
retards  heliotropic  nutations.     (See  also  below.) 

If  seedlings  grown  in  flower-pots  (I  used  Lepidiam)  are  placed, 
as  described  in  P,  in  a  box  in  which  they  are  exposed  to  mixed 
yellow  light  transmitted  tbroDgb  a  solution  of  Potassium  bichro- 
mate, they  do  not  curve  to- 
wards the  incident  rays  ^^^^^^^__g^__^_ 
or    only    very       r^  ^^^^^^^^^^^^^1 
slowly.     In  the  experiment       j  ~  ^^^^^^Hfm^^^^H 
which     the                                   ^^^^^^Hillllll^^^^^l 
illustrated  in  Fig.  150,  the       I^   ^^^^^^ft    ~    ^^^^H 
seedlings    made    no                           i  ^^^^I^P  ....r..^HH^I 
ti-opic    curvatures   at     all.  „     ,^    „,.,_,    ^     . 

■^  Pio.  ISO.— Haliotroplc  chmtibar. 

Wiesner  observed;  however, 

even  in  mixed'yellow  light,  slowly  appearing  heliotropic  nuta- 
tions, a  resnlt  justified  by  the  conditions  under  which  he  experi- 
mented. Under  the  influence  of  the  mixed  blue  light  transmitted 
by  an  ammoniacal  solution  of  Copper  oxide  vigorous  heliotropic 
nutations  take  place. 

In  searching  investigations  as  to  the  influence  with  respect  to 
heliotropic  nutations  of  rays  of  light  differing  in  refrangibility, 
the  use  of  the  objective  spectrum  is  strongly  to  be  recommended. 
A  heliostat  set  up  before  the  window  (on  a  firm  support,  so  as  to 
be  free  from  vibrations)  thi-ows  a  beam  of  parallel  rays  through  a 
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narrow  slit  iuto  a  dark  room.  After  the  beam  has  traversed  a 
biconvex  lens  placed  at  a  distance  from  the  slit  not  quite  equal  to 
twice  its  focal  length,  it  falls  on  the  flint  glass  prism,  which  has 
an  angle  of  60°,  Since  glass  yigoronslj  absorbs  the  highly 
refrangible  rajs,  it  is  very  advisable  to  provide  the  heliostat  with 
a  silver  mirror,  and  to  use  a  qaartz  lens  and  a  qnartz  prism. 

We  may  employ  for  investigation,  e.g,,  vetch  seedlings  grown  in 
the  dark  in  very  small  earthenware  vessels.  They  are  placed 
within  the  spectram  in  such  a  way  that  the  flanks  of  the  stems 
are  directed  towards  the  incident  rays  of  light.  Seedlings  of 
Sinapis  and  Triticam  also  serve  well  for  the  investigations.  In 
the  course  of  a  few  hours  the  result  of  the  experiment  stands  out 
clearly.  Neglecting  the  so-called  lateral  flexion,  it  is  seen  es- 
pecially that  the  rays  at  the  limit  between  violet  and  ultra- violet 
display  the  greatest  heliotropic  energy.  Towards  very  sensitive 
objects  the  heliotropic  energy  of  the  rays  falls  off  from  violet  to 
green ;  yellow  is  inactive ;  a  second  smaller  maximum  lies  in  the 
ultra-red. 

If  we  cultivate  Mucor  Mncedo  on  bread,  in  darkness,  as  de- 
scribed in  181,  and  then  illuminate  the  culture  unilaterally,  the 
unicellular  sporophores  curve  towards  the  light.  They  are  thus 
positively  heliotropic,  which,  as  I  specially  set  forth  in  my  Lehrbuch 
der  Pjlanze7iphy8iologi€,  p.  308,  is  of  significance  ih  connection  with 
the  theory  of  heliotropism. 

When  heliotropic  nutations  are  exhibited,  the  side  of  the  strncr 
ture  which  becomes  convex  always  grows  more  strongly,  in 
consequence  of  the  light  stimulus,  than  the  side  which  becomes 
concave.  Moreover,  growing  structures  alone  are  capable  of 
heliotropic  nutations,  as  is  shown  by  a  very  simple  experiment. 
We  grow  bean  seedlings  in  the  dark.  When  the  epicotyl  has 
reached  a  length  of  some  centimetres,  we  make  fine  ink-lines  on 
the  stem  at  intervals  of  about  5  mm.,  and  illuminate  unilaterally. 
The  heliotropic  curvature  only  appears  in  the  upper,  still  growing 
region  of  the  epicotyl. 

If  we  illuminate  etiolated  vetch  seedlings  for  about  twelve  hours 
unilaterally,  and  then  cut  off  the  epicotyls  and  place  them  in  a  15 
per  cent,  solution  of  common  salt,  the  heliotropic  nutation  is  not 
reversed  again  by  the  plasmolysis,  since  it  has  already  been  com- 
pletely fixed  by  growth.  If,  however,  we  only  continue  the  one- 
sided illumination  long  enough  to  make  the  epicotyl  bend  slightly, 
then  the  curvature  is  somewhat  diminished  by  plasmolysing,  since 
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at  least  that  part  of  it  can  still  be  eliminated  which  is  dne  to  a 
difference  in  the  expansion  nnder  osmotic  pressure  of  the  cells  of 
the  convex  and  concave  sides  of  the  stractare,  and  which  has  not 
yet  been  fixed  by  growth.^ 

^  Nameroas  referenooA  to  the  literature  respecting  heliotropism  will  be  found 
on  pp.  303  and  304  of  my  Lehrbuch  der  Pflanzenphytiologie,  Breslau,  1683. 
Many  valuable  details  are  given  especially  by  Saohs  and  Wiesner,  Denkschr,  d. 
Akad.  d.  Witt,  zu  Wien,  Bd.  39  and  48. 


179.    Heliotropism  (continued). 

To  study  more  exactly  many  of  the  phenomena  associated  with 
heliotropic  nntations,  we  make  the  following  experiments.  We 
arrange  oar  clinostat  in  a  dark  room,  in  such  a  way  that  its  shaft 
is  parallel  to  the  rays  of  light  entering  by  an  opening  in  the 
window  shutters.  A  flower- pot,  in  which  a  Phaseolus  plant  raised 
in  the  dark  is  growing,  is  fixed  on  the  clinostat  in  the  manner 
described  on  p.  456.  The  light  rays  must  travel  in  a  direction  at 
right  angles  to  the  plane  of  nutation  of  the  epicotyl,  and  this 
latter  must  still  be  in  active  growth,  and  is  marked  off  into  5  mm. 
zones  by  means  of  ink-marks  placed  on  the  flanks  towards  and 
away  from  the  light.  If  now  we  set  tke  clinostat  in  movement, 
pure  heliotropic  nutations  are  exhibited.  Geotropic  nutations  are 
eliminated,  and  moreover  the  spontaneous  nutation  of  the  epicotyl 
does  not  interfere.  The  heliotropic  nutation  does  not  of  course 
appear  at  once,  but  after  a  little  time.  When  it  has  become  very 
pronounced  we  stop  the  experiment,  ascertain  by  means  of  the 
cyclometer  (a  card  marked  with  concentric  circles  of  radii  1,  1*5, 
2,  etc.  cm.)  the  radius  of  the  curvature  and  determine  the  incre- 
ments of  growth.  We  find  that  the  convex  side  of  the  epicotyl 
has  grown  much  more  than  the  concave  side  of  it.  Only  the  still 
growing  parts  of  the  epicotyl  are  capable  of  executing  heliotropic 
curvatures.  If  the  experiment  is  continued  long  enough,  all  the 
zones  of  the  epicotyl  which  were  in  a  state  of  elongation  will  take 
part  in  the  nutation  in  succession.^ 

It  was  emphasized  in  169  that  the  s warmers  of  AlgsB  are 
repelled  by  intense  light,  while  they  are  attracted  towards 
more  feeble  light.  Hence  it  may  be  supposed  that  even  the 
organs  of  higher  plants  are  attuned  to  light  of  a  certain 
definite  intensity.     Very  thorough  research,   it   is   true,   is   still 
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necessary  to  set  this  conjectare  on  a  firm  basis ;  but  the  resalts 
of  certain  experiments  of.  Oltmanns^  are  certainly  in  favour 
of  it.  If  young  seedlings  of  Lepidium  grown  in  a  flower-pot 
are  placed  in  a  box  blackened  on  the  inside,  and  provided  with 
a  slit  about  3  cm.  wide,  and,  after  being  pushed  close  up  to  the 
slit,  are  exposed  to  direct  sunlight  (we  take  care  to  rotate  the  box 
so  as  to  have  it  always  in  approximately  the  same  position  with 
respect  to  the  sun),  then  the  hypocotyls  remain  straight,  whereas 
in  less  intense  light  they  exhibit  positive  heliotropism.  We  may 
further  arrange  an  experiment  in  which  the  sun's  rays  are  directed 
into  a  dark  chamber,  by  means  of  a  heliostat,  through  a  thick 
layer  of  concentrated  alum  solution,  and  then  passed  through  a 
large  biconvex  lens,  behind  which  is  a  flower-pot  with  Lepidium 
seedlings.  The  seedlings  are  planted  in  a  row,  and  this  is  pre- 
sented to  the  rays  diverging  from  the  focus  of  the  lens  at  an 
angle  of  about  45^.  In  this  way  one  seedling  stands  nearly  at  the 
focus  of  the  lens,  the  rest  more  and  more  remote  from  it  without 
shading  each  other.  With  sufficiently  strong  illumination  we  find 
that  the  stems  of  the  seedlings  which  stand  nearest  to  the  focus  of 
the  lens  undergo  negatively  heliotropic  curvature.  The  third  or 
fourth  seedling  of  the  row  remains  quite  straight.  The  fifth  and 
sixth  and  seventh  experience  positive  heliotropic  nutations. 

If  we  lay  across  the  middle  of  a  vessel  containing  algal 
s warmers  a  small  strip  of  wood,  so  that  it  is  directed  at  right 
angles  to  the  window,  and  consequently  nearly  parallel  to  the 
incident  rays  of  light,  the  swarmers  do  not  collect  at  the  front  of 
the  dish,  but  on  either  side  pf  the  strip  of  wood  in  its  penumbra. 
Pamintzin  and  especially  Oltmanns  (Flora,  1892,  p.  203)  con- 
clude from  this  that  the  phototactic  movement  of  the  swarmers  is 
determined  not  by  the  direction  of  the  light  rays,  but  by  the 
intensity  of  the  light  or  the  rate  at  which  it  falls  off.  Oltmanns 
assumes  that  this  is  also  the  case  in  heliotropic  nutations,  and 
some  investigations  instituted  by  myself  perhaps  favour  this  view. 
The  important  question  here  touched  upon  requires,  however, 
further  very  searching  investigation,  and  in  the  following  experi- 
ments, as  in  those  above  alluded  to,  it  appears  to  me  that  very 
special  attention  must  be  paid  to  the  effect  of  reflected  light,  in 
order  to  avoid  errors  in  the  conclusions.  For  my  experiments  I 
employed  a  box  blackened  on  the  inside,  and  having  in  one  wall  a 
slit  of  slight  width  but  considerable  length.  Within  the  box, 
behind  this  slit,  was  placed  a  wedge-shaped  glass  bottle  containing 
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water  impregnated  with  Indian  ink.  The  wedge-shaped  cavity  of 
,the  bottle,  about  18  cm.  long,  was  only  about  3  mm.  wide  at  one 
end,  but  more  than  25  mm.  wide  at  the  other.  If  pots  of  seedlings 
were  brought  into  the  box,  and  this  was  disposed  in  the  open  air 
in  SQch  a  way  that  the  wedge  lay  horizontally,  and  the  rays  of 
light  entered  the  apparatus  from  above,  then  all  the  seedlings 
curved  towards  that  part  of  the  box  in  which  the  intensity  of  the 
Jight  was  greatest,  and  consequently  at  right  angles  to  the  entering 
rays  and  towards  that  end  of  the  box  towards  which  was  directed 
the  narrow  angle  of  the  wedge.  When  the  box  was  placed  in  the 
room  with  the  wedge  parallel  with  the  window  panes,  and  there- 
fore approximately  at  right  angles  to  the  incident  rays  of  light, 
while  the  pot  was  placed  behind  the  wedge  about  centrally,  then 
the  hypocotyls  did  not  curve  exactly  at  right  angles  to  the 
incident  rays  of  light ;  neither  did  they  turn  directly  towards  the 
light,  but  curved  obliquely  towai'ds  the  place  where  the  intensity 
of  the  light  was  greatest.     I  employed  Lepidium  seedlings. 

The  following  experiments  on  heliotropic  nutations  are  also  of 
great  interest.^ 

We  lay  grains  of  Avena  sativa  in  dishes  containing  a  little 
water.  When  germination  has  just  begun,  we  select  seedlings 
very  similar  in  appearance,  plant  them  in  good  garden  soil  in 
separate  small  flower-pots,  and  put  them  in  the  dark.  After  some 
time  we  select  for  the  experiments  proper  five  to  ten  seedlings 
very  uniform  in  development,  and  with  plumules  about  2  cm.  long. 
We  place  the  pots  in  suitable  heliotropic  chambers,  which  have  in 
the  front  wall  a  horizontal  slit  some  centimetres  in  width.  Owing 
to  their  vigorous  circumnutation  the  plants  grown  in  the  dark  are 
often  not  perfectly  straight.  We  put  the  pots  into  the  heliotropic 
chambers  in  such  a  way  that  none  of  the  seedlings  are  inclined 
towards  the  light  from  the  window.  It  can  be  made  out  that  the 
heliotropic  nutation  begins  at  the  exti*eme  tip  of  the  sheathing 
leaf  of  the  plumule,  and  gradually  proceeds  downwards,  while  a 
greater  and  greater  length  of  the  upper  portion  of  the  leaf,  which 
continues  to  incline  forward,  becomes  straight.  At  last  the. 
curvature,  generally  a  very  sharp  one,  is  found  at  the  base  of  the 
sheath  leaf,  and  the  upper  part  of  the  leaf  forms  an  angle  of 
60°-90°  with  the  base  of  the  leaf.*t     This  is  the  case  at  the  end  of 


*  The  magnitude  of  the  curvature  can  be  determined  by  measuring.    The 
measurements,  which  .consist  in  determining  the  inclination  of  the  inclined 
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some  five  to  eight  hours.  If  now,  simnltaneoaslj  with  the  objects 
mentioned,  we  expose  seedlings  of  A  vena  to  the  light,  after  darken- 
ing a  length  of  say  3  mm.  at  the  tip  of  their  plamnles  by  covering 
with  small  caps  of  tinfoil  (prepared  by  wrapping  strips  of  tinfoil 
round  a  wire  of  suitable  thickness,  and  carefully  nipping  the  end 
of  the  tube  so  formed),  then  the  nutation  begins  at  the  summit  of 
the  unsliaded  part  of  the  leaf,  it  proceeds  downwards  more  slowly 
than  when  the  whole  seedling  is  illuminated,  and  remains  also 
comparatively  flat,  10°-40°.  The  lower  parts  of  the  leaf  are  cer- 
tainly in  themselves  heliotropically  sensitive,  but  their  sensitiveness 
as  compared  with  that  of  the  tip  of  the  leaf  is  small.  When  the 
tip  of  the  leaf  is  strack  by  the  light,  and  gives  a  vigorous  helio- 
tropic  reaction,  the  stimulus  is  transmitted  to  the  lower  part  of 
the  leaf,  and  induces  there  a  far  stronger  nutation  than  would 
result  from  its  own  'sensitiveness  alone.  Darwin  (Potrer  of  Move- 
ment  in  Plants)  also  called  attention  to  these  interesting  relations. 

The  transmission  of  stimulus  from  the  tip  to  the  base  of  the 
sheath  leaves  can  also  be  demonstrated  in  the  following  manner. 
We  cultivate  oat  seedlings  in  pots  not  quite  filled  with  soil. 
When  the  plumule  has  attained  a  length  of  about  I '5  cm.,  we 
cover  the  seedlings  with  finely  riddled  dry  soil,  so  that  they  only 
project  for  a  length  of  3  mm.  at  the  tip.  The  soil  is  perfectly 
impermeable  to  light  beyond  a  depth  of  2-3  mm.,  and  yet  when 
the  seedlings  are  illuminated  unilaterally  the  basal  part  of  the 
plumule  curves  owing  to  heliotropic  stimulus  conveyed  to  it  from 
the  tip.  In  this  experiment  the  heliotropic  curvature  of  the 
shaded  part  of  the  seedling  is  induced  by  the  conveyed  stimulus 
alone  ;  under  normal  conditions  the  nutation  of  the  basal  parts  of 
the  sheath  leaf  is  the  combined  result  of  this  propagat-ed  stimulus 
and  the  direct  heliotropic  perceptivity  of  the  organ.  These  ex- 
perimental results  are  undoabtedly  of  great  importance  in  inter- 
preting heliotropic  phenomena  in  general.  The  results  of  the 
following  experiments  are  not  less  deserving  of  consideration. 

The   plumule   of  seedlings  of  Avena  sativa  about  1*5  cm.  in 


portion  to  the  vertical,  are  made  by  means  of  quadrants,  on  which  radii  are 
drawn  at  intervals  of  6°.    The  mean  of  several  readings  must  always  be  taken. 

t  That  at  the  dose  of  heliotropic  nutations  the  greatest  curvature  is  found  in 
most  cases  just  at  the  base  of  the  growing  region,  and  not  by  any  means  at  any 
particular  time  in  the  zone  of  strongest  growth,  is  quite  in  harmony  with  the 
statements  of  Sachs  (Flora^  1873,  and  Lectures)  respecting  the  geotropic  notations 
of  shoots.     See  also  MuUer-Thurgau,  Flora,  1876,  p.  90). 
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length  is  divided  by  ink-lines  into  zones  of  2  mm.  length. 
Measnrements  of  the  growth  made  in  the  nsual  way  show  that 
the  tip  of  the  plnmule  only  grows  very  slowly ;  the  rate  of  g^wth 
increases  as  we  proceed  downwards,  attains  its  maximum  say  in 
the  fourth  or  fifth  zone,  and  then  again  falls  ofE.  Hence  it  is 
clear,  and  this  is  undoubtedly  interesting,  that  the  zone  of  greatest 
heliotropic  perceptivity  (the  tip)  is  by  no  means  at  the  same  time 
that  of  greatest  growth  also. 

If  perfectly  straight  seedlings  of  Avena,  grown  in  the  dark,  are 
decapitated  by  removing  from  their  tip  with  a  sharp  transverse 
cut  a  zone  3  or  4  mm.  long,  and  are  then  illuminated  unilaterally, 
their  growth  is  only  slow,  and  heliotropic  nutations  are  not  per- 
formed at  all.  After  a  few  hours,  however,  the  rate  of  growth  of 
the  sheath  leaf  again  becomes  more  rapid,  and  heliotropic  sen- 
sitiveness also  returns.*  Many  of  the  experiments  described  are 
also  of  great  significance,  because  they  teach  that  the  power 
which  the  organs  possess  of  reacting  and  their  power  of  per- 
ceiving (their  irritability  and  sensitiveness  respectively)  are  to 
be  regarded  as  two  distinct  things. 


*  See  MuUer-Thurgau,  Flora,  1876. 

'  See  Oltmanns,  Flora,  1892,  p.  223. 

3  See  Bothert,  Ber,d,  DeutscJten  botan.  GeselUch,,  Bd.  10,  and  Cohn's  Beitrage 
zur  Biologie  d,  PJIamen,  Bd.  7.  This  latter  research  I  have  unfortunately  been 
unable  to  consider  farther. 


180.    The  Hydrotropism  of  Hoots. 

When  the  moisture  in  the  medium  in  which  roots  are  develop- 
ing is  not  uniformly  distributed  the  roots  execute  hydrotropic 
curvatures,  and  following  Sachs'  method^  it  can  readily  be  de- 
termined that  roots  are  positively  hydrotropic.  The  apparatus 
necessary  for  demonstrating  the  phenomena  here  under  considera- 
tion is  shown  in  section  in  Fig.  160.  »  A  hoop  of  strong  sheet  zinc 
about  5  cm.  high  and  20  cm.  in  diameter  is  covered  with  wide- 
meshed  netting,  so  as  to  form  a  sieve,  of  which  the  porous  bottom 

*  The  decapitation  at  first  completely  destroys  the  heliotropic  perceptivity  of 
the  seedlings ;  they  consequently  do  not  curve,  although  growth  is  slowly  pro- 
ceeding. Later  on  a  iresh  "  physiological  apex  "  is  to  some  extent  developed. 
The  seedlings  are  then  almost  as  irritable  as  absolutely  uniDJured  ones. 
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consists  of  the  netting.  We  fil)  the  sieve  with  moist  sawdust, 
and  lay  in  it  soaked  seeds.  I  experimented  with  Phaseolns  seeds ; 
we  may,  however,  equally  well  employ  other  seeds  (Fianm,  Zea, 
etc.)>  The  apparatus  is  then  hong  obliquely,  by  means  of  three 
threads,  in  a  cupboard  or  ander  a  large  cardboard  box,  the  base  of 
the  sieve  being  inclined  at  an  angle  of  about  45°  with  the  horizon- 
tal. The  main  roots  of  the  seedlings,  which  develop  in  complete 
darkness,  soon  pass  ont  through  the  meshes  of  the  netting ;  they 
do  not,  however,  grow  straight  downwards,  bnt  their  tips  at  once 


Fia.  100.— Appanuaa  for  i>b>erviitioni  on  hj-dratrapla 


apply  themselvee  obliquely  to  the  under  surface  of  the  netting, 
nnd  now  continue  their  downward  growth  closely  pressed  to  it. 
The  roots  on  emergence  turn,  as  our  iltastratiou  also  shows,  to- 
wards the  side  on  which  the  seed-bed  makes  the  smallest  angle 
■with  the  vertical.  The  cnrvatares  are  due  to  a  difference  in  the 
distribution  of  moisture  on  the  sides  of  the  roots  turned  towards 
and  away  from  the  seed-bed,  though  it  seems  specially  noteworthy 
that  jnst  that  side  of  the  root  becomes  convex,  and  therefore 
grows  most  vigorously,  which  is  not  directed  towards  the  moist 
base  of  the  sieve.      The  root  curvatures  referred  to  completely 
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cease  when  fche  apparatus  is  suspended  horizontally,  or  even 
obliquely  in  an  atmosphere  completely  saturated  with  aqueous 
vapour,  e.g.  under  a  large  bell-glass  wet  on  the  inside.  In  this 
case  the  main  roots  of  the  seedlings  grow  straight  downwards. 
Growth  curvatures  due  to  non-uniform  distribution  of  moisture 
cannot  here  take  place ;  the  roots  growing  in  absence  of  light,  in  a 
space  saturated  with  moisture,  only  answer  to  the  directive  influ- 
ence of  gravity. 


^  See  Sachs,  Arbeiten  d,  botan.  Inst,  in  Wiirzhurg,  Bd.  1,  p.  209. 


181.    The  Hydrotropism  of  Mncor  Mncedo. 

We  have  already  made  ourselves  acquainted  with  Mucor  Mucedo 
in  36.  The  sporangiophores  of  Mucor  are  distinguished,  as  Wort- 
mann^  determined,  by  being  negatively  hydrotropic.  Hence,  if 
they  are  growing  in  the  neighbourhood  of  a  moist  body,  they 
curve  away  from  it.  I  have  satisfied  myself  that  this  can  easily 
be  determined  as  follows. 

Some  cow-dung  or  horse-dung  is  left  under  a  bell-glass  for  a  few 
days.  There  develops  a  luxuriant  growth  of  Mucor  Mucedo,  the 
fungus  which  we  require  for  our  experiment.  We  lay  a  small 
cube  of  bread,  saturated  with  water,  in  a  flat  glass  dish,  and  cover 
the  dish  with  a  sheet  of  glass,  which  fits  closely  to  its  edge,  and  is 
provided  in  the  middle  with  a  hole  a  few  mm.  wide.  Before 
covering  with  the  sheet  of  glass,  we  transfer  to  the  bread,  by 
means  of  a  needle  which  has  been  sterili.sed  by  heating,  some  ripe 
sporangia  from  the  Mucor  growth  on  the  dung,  and  distribute  the 
spores  on  it.  The  spores  quickly  germinate;  after  one  or  two 
days  sporangiophores  are  already  growing  out  through  the  hole  in 
the  sheet  of  glass,  and  it  is  now  our  object  to  prove  that  these 
organs  are  negatively  hydrotropic.  For  this  purpose  a  strip  of 
thick  cardboard  is  fastened  on  a  cork  by  means  of  shellac.  We 
then  saturate  the  cardboard  with  water,  and  place  it  in  the  imme- 
diate neighbourhood  of  the  sporangiophores  growing  through  the 
hole  in  the  glass.  The  whole  is  now  covered  with  a  cardboard  box 
in  order  to  exclude  the  light,  as  also  earlier  in  the  course  of  the 
experiment,  viz.  after  the  sowing  of  the  spores.  After  about 
twenty-four  hours,  the  sporangiophores  will  have  increased  con- 
siderably  in  length,  and  it  is  easy  to  see  that  they  have  not  grown 
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vertically  upright.     Tliey  are  cui*ved ;  the  convex  side  is  directed 
towards  the  moistened  strip  of  paper. 

If  we  pnt  not  a  wet  but  a  dry  strip  of  cardboard  in  the  neigh- 
bourhood of  the  sporangiophoreS)  they  do  not  curve.  The  nutation, 
therefore,  is  not,  as  supposed  by  van  Tieghem,^  to  be  regarded  as 
somatotropic,  i,e.  as  due  to  the  mass  of  the  paper,  but  actually  as 
hydro  tropic, 

^  See  Wortmann,  Botan.  Zeitungt  1881. 

2  See  van  Tieghem,  Extrait  du  BulUtin  de  la  SocUti  botan,  de  France^  T 
zxiii. 


182.    Thermotropism. 

It  is  of  interest  to  satisfy  oneself  that  growing  plant  structures 
perform  irritation  movements  when  their  opposite  sides  are  ex- 
posed to  difEerent  temperatures.^  We  make  the  experiments  in  a 
large  room, with  a  north  aspect  if  possible*,  and  subject  to  the  smallest 
possible  variations  in  temperature.  At  one  end  of  a  long  working 
bench  a  plate  of  sheet-iron,  previously  smoked,  and  about  60-70 
cm.  square,  is  set  up  on  a  strong  support  with  its  surface  directed 
vertically  to  the  window  panes.  The  back  of  the  plate  can  be 
warmed  by  means  of  four  gas  flames,  the  position  of  which  can  be 
adjusted  according  to  requirements.  The  objects  to  be  examined 
(seedlings  of  Lepidium  and  Zea  grown  in  sawdust  in  flower-pots) 
can  now  be  placed  at  various  distances  from  the  plate.  To  elimin- 
ate heliotropic  nutations  a  large  plane  mirror  is  set  up  behind  the 
originally  perfectly  straight  seedlings,  and  parallel  with  the  win- 
dow, through  which  softened  light  enters  through  curtains.  Before 
placing  the  pots  in  position,  we  warm  the  plate,  and  suspend 
thermometers  at  difEerent  distances  from  it.  When  these  indicate 
the  particular  temperatures  at  which  we  desire  to  experiment,  the 
seedlings  are  brought  into  their  immediate  neighbourhood,  and 
the  experiment  begins.  Experiment  with  Lepidium.  Ten  seed- 
lings. Height  3-4  cm.  Temperature  of  room  12'^  C.  Tempera- 
ture over  the  middle  of  the  flower-pot  30-35°  C.  After  a  few 
hours  marked  negatively  thermotropic  nutation.  Experiment  with 
Zea.  Two.  seedlings,  2-3  cm.  high.  Room  temperature  12°  C. 
Temperature  over  middle  of  flower-pot  30°  C.  After  a  few  hours 
positively  thermotropic  nutation  (Wortmann). 

The  temperature   optimum  for  the  growth  of   Lepidium  lies 
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somewhere  in  the  neighbourhood  of  28°  C,  bat  that  of  Zea  at 
33°  C.  The  origination  of  the  cnrvatares  can  thus  not  be  regarded 
as  the  result  of  difference  in  growth  on  the  opposed  sides  of  the 
seedlings,  directly  dependent  on  the  temperatures  obtaining  on 
these  two  sides.  If  that  were  the  case»  then  under  the  conditions 
stated  the  Lepidium  seedlings,  e.^.,  must  have  curved  straight 
towards  the  source  of  heat,  since  the  side  remote  from  the  plate 
was  exposed  to  a  temperature  more  favourable  for  its  growth  than 
the  side  turned  towards  the  plate.  The  curvatures  are,  on  the 
contrary,  to  be  regarded  as  irritation  effects  called  forth  by  the  heat 
rays.  Very  searching  investigation  of  the  subject,  however,  is 
still  necessary.^ 


>  See  Wortmann,  Botan,  Zeitung,  1883  and  IBdo. 

*  According  to  Jonsson  (lierichte  d,  DeuUchen  botan,  GeteUsehaft,  Bd.  1,  p. 
512),  roots  also  exhibit  rheotropic  properties.  My  investigations  on  the  sabject 
are  not  yet  complete.  As  regards  the  aerotropism  (see  Molisch,  Berichte  d. 
Deutschen,  botan,  GeielUeJi.y  Bd.  2,  p.  160)  and  galvanotropism  (see  Elfving, 
Botan,  Zeitung^  1882)  of  roots,  I  have  as  yet  made  no  experiments. 


183.  Aerotropism  aad  Chemotropism  of  Pollen  Tubes  and  Fungal 

HjrphflB. 

The  germination  of  pollen  grains,  of  which  we  shall  frequently 
have  to  speak,  takes  place  best  in  sugar  solutions  (cane-sugar)  of 
particular  concentration.  The  concentrations  are  first  given  in 
the  following  table  for  some  kinds  of  pollen  : — 

Allium  Victoriale .....       3  per  cent. 

Anthyllis  vulneraria  .15 

Berberis  vulgaris  .  .20 

Golchicum  antumnale    .  .40 

Digitalis  ambigua  .10 

Pritillaria  imperialis  .10 

Narcissus  poetic  as         .  .         .10 

Vincetoxicum  officinale  .15 

We  now  prepare  sagar  solutions  with  addition  of  1-2  per  cent. 

of  gelatine.     This  solution  sets  at  18^  C.  to  a  jelly.     A  di*op  of 

the  solution  is  placed  on  an]object-glass,  and  treated  with  pollen 

grains,  which  we   rapidly  distribute  very  evenly  by  means  of  a 

needle.     We  now  lay  on  a  cover-glass,  taking  care  in  doing  so  that 

none  of  the  fluid  escapes  beyond  the  edge  of  the  cover-glass.     The 

formation  of  babbles  is  also  to  be  avoided.     The  slide  cultures  are 
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placed  at  18°  C.  under  a  bell-glass  standing  in  water.  If,  e.g.,  we 
experiment  with  pollen  grains  of  Narcissus  Tazetta  (7  per  cent, 
cane-sugar  solution),  we  find  that  many  gi^ains  have  germinated 
even  after  six  hours.  But  only  the  pollen  grains  near  the  edge  of 
the  cover-glass  have  developed  tubes,  the  rest  owing  to  want  of 
Oxygen  have  not  germinated.  The  tubes  almost  all  grow  towards 
the  middle  of  the  drop ;  they  exhibit  distinct  negative  aerotropism. 
It  is  however  to  be  observed  that  there  are  many  kinds  of  pollen 
whose  tubes  are  in  no  way  aerotropically  irritable  (Orobus  vemus, 
etc.). 

According  to  my  experience  the  growing  pollen  tubes  of  species 
of  Lathy r us  are  excellent  objects  for  the  determination  of  nega* 
tively  aerotropic  behaviour.  The  pollen  gi'ains  are  sown  in  sugar- 
gelatine,  containing  15  per  cent,  of  cane-sugar. 

Many  pollen  tubes  (Narcissus  Tazetta,  N.  poeticus,  Fritillaria 
imperialis,  Vincetoxicum  officinale,  etc.)  also  exhibit  very  vigorous 
chemotropic  irritability. 

We  distribute  the  pollen  grains  in  the  sugar-gelatine  drop,  and 
lay  in  the  middle  of  this  a  fragment  of  freshly  cut  stigma  or  style 
tissue  or  ovules  of  the  corresponding  plants.  The  grains  germinate, 
and  the  tubes  developing  in  the  neighbourhood  of  the  fragment  of 
stigma,  etc.,  being  positively  chemotropic,  turn  towards  them.  If 
we  kill  the  fragments  of  stigma,  etc.,  by 'dipping  into  hot  water 
before  laying  them  on  the  drops  of  gelatine,  the  pollen  tubes 
behave  exactly  in  the  same  way.  This  proves  that  the  direction 
of  growth  observed  in  the  tubes  in  the  case  before  us  cannot  be 
due  to  their  aerotropic  irritability,  since  the  masses  of  tissue  when 
dead  do  not,  as  when  living  they  of  course  do,  produce  Carbon 
dioxide,  which  might  influence  the  distribution  of  Oxygen  tension 
in  the  preparation. 

Frequently  in  investigating  chemotropism  in  pollen  tubes,  it  is 
well  to  put  them  into  a  drop  of  gelatine  containing  only  small 
quantities  of  sugar  (e.g.  •2-'4  per  cent.),  then  lay  on  the  fi'agment 
of  stigma,  etc.,  and  put  the  preparation  in  a  moist  place. 

Cane-sugar,  which  occurs  in  the  cells  of  the  gynaecenm,  and  is 
secreted  by  its  cells,  is  one  of  the  most  effective  stimulants  for 
the  tubes. 

We  inject  leaves  of  a  Tradescantia  (e.g,  T.  discolor)  under  the 
air-pump  with  cane-sugar  solution  of  certain  strength.  The  now 
translucent  leaves  ai*e  rapidly  rinsed  with  water,  and  dried 
externally  with  blotting-paper.     We  now  powder  pollen  on  the 
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nnder  side  of  the  leaves,  which  are  well  supplied  with  stomata, 
and  bring  them  into  a  moist  space.  After  a  shorter  or  longer 
time  we  determine  that  the  pollen  tabes  in  their  growth  show  an 
inclination  to  direct  themselves  towards  the  stomata,  and  enter 
them.  If  the  leaf  has  only  been,  injected  with  water,  the  tnbes 
grow  over  the  surface  indifferently  in  all  directions.  Cane-sugar 
is  therefore  a  body  which  incites  the  pollen  tnbes  to  chemotropic 
movements. 

The  germinal  hyphae  of  fungi  are  also  chemotropically  irritable. 
If  Tradescantia  leaves  are  injected  with  2  per  cent,  cane-sugar  or 
meat  extract,  and  Mucor  spores  are  then  germinated  in  the  moist 
space  on  their  under  surfaces,  we  find  here  also  that  the  tubes 
turn  towards  the  stomata,  and  enter  them.  If  the  concentration 
of  the  cane-sugar  solution  is  reduced  toO'l  per  cent.,  the  tubes  only 
give  a  very  feeble  positive  reaction ;  the  same  is  the  case  when  the 
concentration  of  the  sugar  solution  is  considerable  (e.^.  20  per 
cent.).^ 


*  See  Molisch,  Sitzungsher,  d,  Akad,  rf.  WUs.  zu  Wien,  Bd.  102,  Abth.  1,  July', 
1893;  Miyoflhi,  Botan.  Zeitung,  1895,  and  Flora,  1894. 


184.  Movements  of  Foliage  Leaves  and  Floral  Structures  Induced 
by  Changes  in  lUomination  and  Variations  of  Temperature 
(Nyctitropic  Movements). 

There  exist  many  foliage  leaves  and  flower  leaves  which,  as  the 
experimental  researches  of  several  physiologists  have  shown,  react 
by  growth  movements  only  to  an  insignificant  extent  in  response 
to  variations  of  temperature,  but  conspicuously  in  response  to 
changes  in  illumination.  We  will  first  endeavour  to  make  out 
some  of  the  phenomena  in  question. 

We  make  our  observations  on  plants  of  Impatiens  parvifiora, 
Chenopodium  bonus  Henricus,  and  Mirabilis  jalapa,  growing  in 
the  open.  The  movements  which  interest  us  are  clearly  exhibited 
in  the  younger,  not  yet  fully  developed  foliage  leaves.  In  the 
daytime,  these  leaves  are  disposed  more  or  less  horizontally ;  at 
night  they  assume  another  position.  In  Chenopodium,  and 
especially  in  Mirabilis,  the  leaves  raise  themselves  in  the  evening, 
while  in  Impatiens  they  sink  at  this  time,  and  hence  as  darkness 
comes  on  they  pass  from  a  horizontal  to  a  vertical  position.  On 
the  following  day  the  leaves  return  again  to  their  light  position. 

p.p.  I  I 
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If  we  observe  seedlings  of  Raphanus  sativns  g^wn  in  flower- 
pots, it  is  seen  that  their  cotyledons  are  expanded  in  the  daytime, 
bat  at  night  appear  more  or  less  -closed  up.  Young  leaves  of 
Tropseolum  majus  illuminated  from  above  assume  in  the  daytime 
a  position  such  that  the  incident  rays  of  light  strike  them  at 
right  angles.  At  night  they  place  themselves  vertically.  Accord- 
ing, however,  to  the  results  of  my  investigations  with  pot  plants, 
this  only  takes  place  fully  at  a  comparatively  high  temperature. 

Concerning  the  growth  movements  of  flowers  induced  by  change 
of  illumination,  and  using  mostly  plants  growing  in  the  open,  I 
made  the  following  observations  which  we  may  repeat. 


i 


I 


it 


1 


Fig.  161.>-Flower  gcape  of  Leontodon         Fig,  162.— Flower  scape  of  Leontodon  hastilis ; 
hastilis ;  inflorescence  closed.  inflorescence  expanded. 


I  found  that  the  flower  heads  of  most  specimens  of  Taraxacum 
officinale,  on  sunny  days  at  the  beginning  of  May,  open  between 
7  and  8  o'clock  in  the  morning,  and  close  again  between  4  and  5 
o'clock  in  the  afternoon.  The  flowers  of  Tradescantia  remain 
open  all  day  if  the  sky  is  overclouded;  under  a  cloudless  sky, 
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however,  they  close  in  the  morning  at  10  o'clock.  The  flower 
heads  of  Tragopogon  pratensis  are  open  in  the  morning.  In  June, 
however,  they  close  in  sunshine  at  9  o'clock,  and  with  a  clouded 
sky  at  about  11  o'clock.  The  flowers  of  Adonis  vernalis,  and  the 
flower  heads  of  BelUs  perennis  and  Leontodon  hastilis  close  in  the 
evening  and  open  the  next  morning  (see  Figs.  161  and  162,  in 
which  are  represented  scapes  of  Leontodon  in  one  case  with  a 
closed,  in  the  other  with  an  open  flower  head).  I  found  that  the 
flowera  of  Adonis,  at  the  end  of  April,  closed  at  3  o'clock  in  the 
afternoon,  while  flower  heads  of  Bcllis  plants  just  near  them  did 
not  close  till  an  hour  and  a  half  later.  The  flowers  of  CEnothera 
biennis  expand  in  the  evening  and  close  in  the  morning.  I  cut 
scapes  of  Leontodon  hastilis,  and  put  them  in  the  dark  in  the  day- 
time with  their  stalks  in  water.  The  flower  heads  closed  in  the 
evening,  but  opened  on  the  following  day,  although  darkened  all 
the  time,  and  in  the  evening  once  more  exhibited  closing  move- 
ments, though  not,  it  is  true,  very  vigorous  ones.  The  next  day 
the  scapes  were  again  exposed  to  the  daylight.  In  the  evening  of 
that  day,  the  flower  heads  closed  in  a  perfectly  normal  manner. 
These  experiments  teach  that  the  individual  flowers  of  the  flower 
heads  of  Leontodon  hastilis — and  many  other  flowers  behave  in  an 
analogous  manner — when  exposed  to  continuous  darkness,  exhibit 
after-effect  movements,  which  cause  the  flower  heads  to  open  in 
the  daytime,  and  close  at  night.  It  is  true  these  after-efPect  move- 
ments do  not  continue  long.  The  flowei*s  become  after  a  time 
motionless  (darkness-rigor),  but  can  be  rendered  phototonic  again 
by  renewed  illumination. 

From  Avhat  has  been  said,  it  will  now  be  clear  that  the  periodic 
movements  of  foliage  leaves  and  flowers  taking  place  under  normal 
conditions,  i.e.  with  alternation  of  day  and  night,  are  not  the 
immediate  result  of  the  alternation  of  illumination  alone.  The 
daily  period  is  rather  the  resultant  of  paratonic  effects  due  to  the 
alternating  conditions  of  illumination,  and  after-effect  movements 
which,  however,  also  have  their  ultimate  origin  in  the  alternation 
of  day  and  night.  This  also  rendei's  intelligible  a  fact  of  the 
accuracy  of  which  I  have  satisfied  myself,  that,  e.gr.,  flower  heads  of 
Leontodon  hastilis  placed  in  the  dark  in  the  forenoon,  close  only  a 
little  earlier  in  the  evening  than  others  which  have  been  illumi- 
nated during  th«  day.  The  paratonic  effect  of  the  darkening  is 
certainly  to  be  recognised  here,  but  the  flower  heads,  owing  to 
after-effects,  do  not  close  until  the  darkening  has  continued  for 
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some  time.     In  other  cases,  however,  the  paratonic  efFects  may  be 
much  more  obvions. 

The  movements  of  foliage  and  flower  leaves  induced  by  change 
in  illumination,  are  due  to  processes  of  growth,  as  Pfefter  ^  showed 
with  complete  certainty.  The  change  in  illumination  acts  in  the 
same  sense  on  the  growth  of  the  basal  parts  of  the  foliar  struc- 
tures which  cause  the  movements,  but  the  opposed  tissue  com- 
plexes of  the  organs  are  not  affected  with  the  same  rapidity,  and 
hence  the  nyctitropic  movements  here  under  consideration  are 
brought  about.  The  biological  significance  of  the  vertical  position 
assumed  at  night  by  many  foliage  leaves,  is  clearly  to  be  sought 
in  the  fact  that  it  prevents  a  too  rapid  radiation  of  heat,  which 
might  easily  have  disastrous  consequences  for  the  plants,  while 
the  opening  and  closing  of  flowers  is  related  to  conditions  of 
pollination. 

In  various  plant  structures  changes  of  temperature,  like  changes 
in  illumination,  induce  active  movements.  We  have  here  to  do 
chiefly  with  flowers,  and  excellent  objects  for  investigation  are 
flowering  specimens  of  Tulipa  gesneriana,  and  above  all  of  Crocus 
vernus  (white  flowered  variety).  I  took  pot  plants  of  Croons 
vernus  from  a  room  at  a  temperature  of  19°  C.  into  one  at  a 
temperature  of  5°  C.  The  flowers,  at  first  open,  soon  closed.  If 
Crocus  plants  with  closed  flowers  were  taken  oiit  of  a  room  at  a 
temperature  of  5°  C.  into  one  at  a  temperature  of  19°  C,  the 
flowers  speedily  opened.  The  closing  movements  of  the  flower 
leaves  on  cooling  on  the  one  hand,  and  their  opening  movements 
on  warming  on  the  other,  proceeded  so  rapidly  in  my  experiments, 
that  their  commencement  could  be  seen  with  the  unaided  eye 
within  a  few  minutes  of  the  change  of  temperature.  Crocus 
flowers  react,  moreover,  to  very  slight  variations  of  temperature. 
The  movements  induced  by  change  of  temperature  take  place 
in  the  light  as  well  as  in  complete  darkness. 

That  the  above-mentioned  movements  induced  by  changes  of 
temperature  and  illumination  are  the  results  of  processes  of 
growth,  can  only  be  determined  by  somewhat  delicate  measure- 
ments. We  select  Crocus  for  investigation.  Here  the  zone  in 
which  especially  the  movement  of  the  perianth  leaves  takes  place, 
lies  just  above  the  perianth  tube,  in  the  lower  fifth  of  the  perianth 
segments.  We  cut  off  the  three  inner  segments,  and  make  fine 
ink-dots  at  intervals  of  about  3  mm.  on  the  outside  and  inside  of 
the  outer  segments,  along  the  middle   of  the  zone  of  greatest 
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power  of  movement.  Easily  recognisable  points  or  angles  of  the 
ink-dots  serve  as  points  of  reference  for  the  measurements,  which 
are  made  by  means  of  the  horizontal  microscope  described  in  153. 
If,  e.g.^  dots  are  made  on  the  perianth  segments  of  the  closed 
Dowers,  and  we  determine  the  distance  between  the  marks  again 
after  the  flower  has  been  induced  by  rise  of  temperature  to  open, 
then  we  find  hardly  any  alteration  in  the  distance  between  the 
marks  on  the  outside  of  the  segment,  while  on  the  inside  the 
distance  between  the  marks  bas  increased  considerably,  perhaps 
by  0*08  mm.,  if  the  original  distance  between  them  was  3  mm. 
The  lengthening  of  the  now  convex  side  of  the  segments  is 
permanent,  and  therefore  fixed  by  growth.  When  the  flowers 
close,  the  outer  side,  which  becomes  convex,  lengthens  much  more 
conspicuously  than  the  opposite  side. 


*  Pfeflfer,  Pjianzenphysiologiaclie  Untera.,  1873. 


185.    The  Darwinian  Caryatnre,  etc. 

We  germinate  seeds  of  Vicia  Faba  in  sawdust,  and  leave  the 
seedlings  in  the  sawdust  until  the  roots  have  attained  a  length  of 
a  few  cm.  It  is  now  required  to  injure  the  tip  of  the  root  on  one 
side,  and,  according  to  my  experience,  this  is  most  conveniently 
effected  by  touching  the  root  on  one  side  with  a* small  fragment  of 
lunar  caustic  (Silver  nitrate).  Care  must  be  taken  that  only  a 
short  length  of  the  root  tip,  say  1*5  mm.,  is  brought  into  contact 
with  the  lunar  caustic.  From  what  was  said  in  157,  it  appears 
not  immaterial  which  side  of  the  root  receives  the  stimulus,  and  it 
is  best  to  stimulate  neither  the  anterior  nor  the  posterior  surface 
of  the  root,  but  one  of  the  flanks.  The  plants  are  now  placed  in 
glaiss  cylinders  as  described  in  154;,  and  laid  aside  in  the  dark. 
After  twelve  to  twenty-four  hours  we  find  that  the  side  of  the  root 
touched  with  the  caustic  has  become  convex.  On  the  side  stimu- 
lated, the  growth,  in  the  region  of  the  root  capable  of  growth,  is 
considerably  more  rapid  than  on  the  opposite  side,  so  that  uni- 
lateral injury  to  the  root  tip  has  induced  a  characteristic  nutation, 
which  we  term  the  "  Darwinian  curvature."  Nutations  likewise 
take  place  if  the  injury  to  the  tip  of  the  root  is  effected  not  by 
means  of  Silver  nitrate,  but  in  some  other  manner ;  it  is,  however. 
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of  biological  significance  that  the  roots  always  turn  away  from  the 
bodies  causing  the  injury,  and  acting  as  stimuli.^ 

In  contrast  with  the  above,  we  have  root  nutations  brought 
about  by  stimulation  not  of  the  root  tip,  but  of  the  region  of  the 
root  which  is  in  active  growth.  The  roots  then  bend,  as  is  the 
case  with  tendrils,  towards  the  bodies  producing  the  stimulus.  A 
few  pea  seedlings,  with  roots  about  2  cm.  long,  are  fixed  on  pins, 
and  arranged  under  a  bell-glass  standing  in  water,  with  their 
roots  directed  horizontally.  Beside  each  seedling  we  bring  a 
thin  pin,  so  as  to  touch  the  root  in  its  most  actively  growing 
region  (i.e.  about  3  mm.  from  the  tip).  The  contact  acts,  as  in 
tendrils,  as  a  stimulus,  and  since  the  free  side  of  the  root  becomes 
by  more  active  growth  convex,  the  root  curves  after  a  time 
towards  the  pin. 

Characteristic  stimulation  effects  are  brought  about,  as  may 
here  be  briefly  mentioned,  by  the  bite  of  insects.  The  numberless 
varieties  of  galls  occurring  on  leaves  are  produced  in  this  way* 
and  it  is  hence  not  without  interest,  from  the  physiological  point 
of  view,  to  examine  a  gall  carefully. 

On  the  leaves  of  many  kinds  of  willow  we  often  find  during  the 
summer  galls  resembling  a  small  bean,  fleshy,  and  pix>jecting  on 
both  sides  of  the  leaf.  These  are  due  to  the  bite  of  leaf  wasps 
(Nematus  Vallisnerii) .  The  wasps  lay  their  eggs  in  the  tissue  of 
the  leaf  while  it  is  quite  young,  and  the  grub,  creeping  out  of  the 
egg,  develops  in  the  gall,  which  attains  a  comparatively  large 
size.  The  stimulus  produced  by  the  bite  of  the  insect  results  in 
hypertrophy  of  the  leaf  tissue,  w^hich  expresses  itself  in  the 
formation  of  the  gall.  Microscopic  examination  of  thin  transverse 
sections  teaches  that  the  Nematus  galls  consist  chiefly  of  small- 
celled  tissue,  the  elements  of  which  are  approximately  isodiametric. 
In  this  tissue  are  enclosed  in  various  places  cells  elongated  in  a 
radial  direction.  It  is  also  to  be  remarked  that  the  tissue  in  the 
middle  of  the  gall  is  made  up  of  smaller  cells  than  that  at  the 
periphery. 


*  See  Darwin,  The  Power  of  Movement  in  Plants,  and  Wiesner,  Bewegvng$- 
verm'dgen  der  Pjlanzen,  p.  139. 
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III.     THE    WiXDING    OF    TENDRILS, 
AND    TWINING    PLANTS. 

186.  Generalities  Eespecting  the  Winding 
of  Twining  Plants. 

If  we  examine  a  hop  stem  wound  round  a 
support,  we  shall  find  that  the  spiral  always 
runs  from  right  below  to  left  above.  The 
hop  is  a  typical  right-winding  plant.*  It 
may  here  also  be  remarked  that  both  stems 
and  leaf-stalks  of  hops  are  pix)vided  with 
peculiarly  formed  appendages,  which  func- 
tion as  clinging  or  clasping  organs,  since 
they  assist  in  fixing  the  plants.  If  we  re- 
move, e.g.,  from  the  leafstalk  of  Humnlus, 
small  strips  of  epidermis,  and  examine 
them  microscopically,  it  will  be  seen  that 
on  the  surface  are  seated  wart-shaped 
emergences.  Each  of  these  bears  at  its 
end  an  anchor-shaped  hair,  which  forms  an 
excellent  organ  of  attachment. 

A  few  flower-pots,  not  too  small,  are  filled 
with  well- watered  garden  soil,  and  soaked 
seeds  of  Phaseolus  multiflorus  are  laid  in 
them.  It  is  advisable  to  put  several  seeds 
into  each  flower-pot,  and  then  later  the 
weakly  plants  may  be  removed,  and  only- 
one  vigorous  specimen  in  each  pot  be  further 
cultivated.  It  is  best  to  grow  the  plants 
in  a  place  where  they  will  be  exposed  only 
for  a  short  time  in  the  day  to  direct  sun- 
light, being  for  the  rest  of  the  day  exposed 
to  bright  diffuse  daylight.  When  the  third 
intemode  begins  to  develop,  we  place  long 
sticks    close   to    the    plants.      These    wind 

*  In  botany  it  is  customary  to  associate  with  the 
terms  "  right "  and  *' left,"  as  applied  to  spirals,  a 
meaning  opposite  to  that  which  they  have  in  me- 
chanics. 


I 


Fig.  lea.— Winding  alioot 
of  Phaseolaa  multiHoras. 
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ronnd  the  sticks,  bnt  the  bean  is  a  left-winding  plant,  not 
like  the  hop  a  right-winding  one.  The  spiral  extends  from  left 
below  to  right  above.  Fig.  163  clearly  shows  this;  and  it  in- 
dicates further,  what  we  shall  consider  carefully  in  189,  that  the 
older  turns  of  the  spiral  are  tighter  and  steeper  than  the  younger 
ones.  This  is  seen  with  especial  clearness  when  the  supports 
used  are  thin,  not  exceeding,  in  experiments  with  Phaseolus — for 
example,  a  thickness  of  a  few  millimetres.  It  is  not  uninteresting 
to  observe  a  number  of  twining  plants,  which  have  been  allowed 
to  wind  round  supports  of  different  thicknesses.  I  let  bean  stems 
wind  round  stretched  thread,  wires  1  mm.  in  diameter,  and  sticks 
4,  16  and  even  30  mm.  in  diameter. 


187.    Rotating  Nutation. 

In  carefully  studying  the  winding  of  twining  plants,  it  is  of  the 
utmost  importance  to  make  ourselves  acquainted  with  the  rotating 
nutation  performed  by  shoots  capable  of  twining.  We  lay  seeds 
of  Phaseolus  multiiiorns  in  garden  soil  contained  in  fairly  large 
flower-pots.  The  first  internodes  of  the  young  plants  do  not 
exhibit  the  phenomenon  of  rotating  nutation,  or  not  clearly,  but 
the  following  ones  do.  The  long  terminal  bud  nods  sideways, 
owing  to  its  own  weight,  and  if  we  observe  it  accurately  it  will  be 
found  that  it  is  not  at  rest,  but  in  a  state  of  uninterrupted  move- 
ment, by  which  it  is  carried  round  in  a  circle. 

To  study  more  closely  the  remarkable  phenomenon  of  rotating 
nutation,  we  employ  other  plants  besides  those  of  Phaseolus,  e.g. 
shooifksot  Calystegia  30  cm.  in  length,  or  the  shoots  of  other  twin- 
ing plants.  It  is  very  important,  however,  for  the  plant-s  to  be  in 
a  state  of  active  growth,  and  exposed  to  veiy  favourable  condi- 
tions. The  basal  part  of  the  shoot  is  erect,  but  the  summit  of  the 
shoot  is  bent  over  in  a  wide  arc,  so  that  the  apex  is  horizontal  or 
even  directed  a  little  downwards.  We  now  make  an  ink-line  along 
the  convex  side  of  the  shoot,  running  parallel  with  its  axis,  and 
place  the  shoot  with  its  convex  side  towards  us  (see  Wortmann, 
Botan.  Zeittmg,  1886).  The  plane  of  curvature  is  then  vertical  to 
the  plane  of  our  body,  the  apex  of  the  shoot  is  turned  away  from 
us,  and  points,  say,  to  the  east.  If  we  look  at  the  shoot  again, 
after  half  an  hour  or  three-quarters  of  an  hour,  we  perceive 
striking  changes  in  it.     The  horizontally  hanging  apex  points  to 
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the  north,  the  plane  of  carvature  is  as  before  vertical,  but  parallel 
with  the  plane  of  our  body,  and  the  ink-line  is  no  longer  on  the 
convex  side,  but  on  the  left  flank  of  the  shoot.  It  is  thus  shown 
that  the  zone  of  most  active  growth,  indicated  by  the  convex 
side  of  the  shoot,  has  in  oar  experiment  moved  90^  to  the  right. 
The  apex  of  the  stem,  however,  has  in  the  process  described  a 
horizontal  arc  of  90°  to  the  left.  The  further  behaviour  of  the 
shoot  is  easy  to  follow.  After  a  further  interval  of  half  an  hour 
or  three-quarters  of  an  hour  the  ink-line  is  found  on  the  concave 
side  of  the  shoot,  and  the  original  position  is  not  again  attained 
until  two  or  three  hours  from  the  start.  Then  begins  a  fresh 
revolution.  It  is  further  noteworthy  that  the  zone  of  most  vigor- 
ous growth  almost  always  runs  along  the  upper  side  of  the  curved 
part  of  the  shoot,  which  results  in  the  plane  of  curvature  being 
always  vertical.  The  revolving  motion  of  the  end  bud  from  what 
we  have  seen  is  due  to  the  fact  that  the  zone  of  most  vigorous 
growth  moves  round  and  round  the  stem. 

It  must  now  be  emphasised  that  the  rate  at  which  a  complete 
revolution  of  the  apex  of  the  shoot  is  executed  is  essentially 
dependent  on  external  factors,  particularly  on  temperature.  If 
nutating  shoots  are  exposed  to  unilateral  illumination,  the  move- 
ment towards  the  light  is  more  rapidly  effected  owing  to  helio- 
tropic  processes  than  the  movement  away  from  the  source  of  light. 
Phaseolns  and  Galystegia  shoots  exhibit  very  active  movements, 
other  twining  plants  only  slow  ones,  but  even  in  one  and  the  same 
object,  and  with  approximately  constant  external  conditions,  the 
rate  of  movement  may  vary  in  course  of  time  to  a  notable  extent. 
Variations  from  the  normal  behaviour  of  the  shoot  also  occur  in 
consequence  of  which  the  plane  of  curvature  is  not  always  verti- 
cal, I.e.  the  zone  of  vigorous  growth  does  not  always  lie  along  the 
upper  side  of  the  curvature,  but  is  displaced.  Different  parts  of  the 
rotating  stem  may,  moreover,  be  curved  in  different  planes.  Atten- 
tion must  be  paid  to  all  these  points,  and  it  is  well  to  observe  a 
number  of  plants  continuously,  and  accurately  note  the  results 
obtained. 

To  obtain  a  further  insight  into  the  highly  complicated  pheno- 
mena here  under  consideration,  it  is  necessary  first  to  make  the 
following  experiment.  Phaseolas  plants  or  Galystegia  shoots  at  a 
stage  of  development  in  which  the  rotating  nutation  is  just  about 
to  begin,  are  slowly  rotated  on  the  clinostat  in  the  horizontal 
plane,  so  as  to  exclude  heliotropic  nutations.  We  may  also  observe 
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shoots  already  circamnutating,  in  that  case  merely  binding  the 
lower  parts  of  the  shoot  to  a  stick,  so  that  the  end  of  the  shoot  to  a 
length  of  10-15  cm.  is  left  free  and  quite  vertical.  In  each  case 
we  shall  perceive  sooner  or  latere  how  the  free  shoot  end  for  a 
length  of  a  few  cm.  begins  to  execute  a  generally  very  sharp 
eurvatui'e.  This  so-called  preliminary  curvature  \^Vorkriim,mung] 
is  not  caused  simply  by  the- weight  of  the  terminal  bud,  as  follows 
from  the  fact  that  it  persists  if  we  place  the  shoot  in  another  posi- 
tion. 

The  following  is  also  important.  Shoots  capable  of  rotating 
nutation  are  like  other  shoots  geotropically  irritable  in  their  grow- 
ing region.  If,  e.g.^  we  stick  shoot  ends  of  twining  plants  into 
moist  sand  as  indicated  in  173,  their  negative  geotropism  is  clearly 
exhibited.  The  zone  of  greatest  irritability  is  always  situated 
a  few  cm.,  e.g.  10  cm.,  distant  from  the  apex  of  the  shoot,  as  can 
easily  be  made  out  by  using  portions  of  different  lengths. 

These  facts  were  first  established  in  detail,  by  Baranetzki  *  and 
Wortmann.^  They  both  showed  also  that  the  rotating  nutation 
itself  is  not,  as  was  before  supposed,  purely  spontaneous,  but  is 
the  resultant  of  two  forms  of  movement.  The  shoots  of  twin- 
ing plants  are  of  course  capable  of  spontaneous  movements,  and 
in  consequence  of  this  they  perform  the  so-called  "flank-curva- 
tures "  to  which  also  the  above-mentioned  preliminary  curvature 
owes  its  origin.  This  flank- curvature,  to  be  designated  as  the  hori- 
zontal component  of  the  rotating  movement,  is  distinguished  by 
the  fact  that  always  one  flank  of  the  shoot — thus,  e.g.,  in  left- 
winding  plants  the  right — ^grows  more  vigorously  than  all  the 
rest,  and  hence,  if  it  alone  were  operative,  would  result  in  a 
spii'al  coiling  of  the  shoot  ends.  With  the  horizontal  component, 
however,  is  associated  another  acting  vertically,  viz.,  negative 
geotropism.  As  was  emphasised,  and  as  is  very  important,  it 
does  not  act  on  all  zones  of  the  shoot  with  equal  energy,  and  leads 
further  to  the  result  that  the  convexity  of  the  curvature  of  rotat- 
ing shoots  is  always  normally  on  their  upper  side.  Hence  is 
brought  about  a  displacement  of  the  flanks  and  the  commence- 
ment of  circumnutation.  (See  Wortmann,  Bot.  Zeitung,  1886, 
pp.  638-642.) 

We  cannot  here  pursue  further  Wortmann's  theoretical  con- 
siderations, there  and  elsewhere  expressed.  Essentially  I  consider 
them  sound. 

It  is  now  of  special  importance,  with  a  view  to  proving  that 
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rotating  nutation  is  a  resultant  movement  brought  about  bj  the  co- 
operation of  two  factors  (spontaneous  nutation  and  negative  geotro- 
pism),  to  experiment  with  the  help  of  the  clinostat.  The  apparatus 
is  set  up  on  a  vibration-free  table,  and  we  work  with  pot  plants  of 
Phaseolus  or  plants  of  Ipomoea  chrysantha  raised  from  seed.  We 
fix  the  lower  part  of  the  plant,  which  has  so  far  been  free  from  sup- 
port, to  a  suitable  stick  standing  in  the  soil  of  the  culture  vessel,  so 
that  only  the  summit  of  the  shoot  to  a  length  of  a  few  centimetres 
remains  free.  This  shoot  end  must  be  very  vigorous  in  develop- 
ment, and  must  not  bend  much  by  its  own  weight  when  the  plant 
is  placed  in  the  horizontal  position.  In  this  horizontal  position  a 
flank- curvature  (preliminary  curvature)  now  very  soon  appears  in 
the  originally  straight  shoot  end.  If  the  plant  is  now  transferred 
to  the  clinostat,  and  set  in  slow  rotation  in  the  vertical  plane  (it 
is  sufficient  if  the  clinostat  is  so  adjusted  that  one  complete  revo- 
lution is  effected  in  about  ten  minutes,  see  176),  the  preliminary 
curvature  soon  disappears  again,  being  compensated  by  processes 
of  growth,  and  the  shoot  becomes  straight.  New  nutations,  how- 
ever, arise,  which  are  again  compensated  or  remain  more  or  less 
persistent.  The  shoot  has  therefore  an  internal  tendency  to  move- 
ments of  nutation.  When  rotating  on  the  clinostat,  however, 
since  the  effect  of  gravity  is  eliminated,  rotating  nutation  cannot 
take  place,  but  only  an  undulating  nutation.  The  power  of  the 
shoot  to  perform  spontaneous  nutations  is  a  necessary  prior  condi- 
tion for  the  production  of  flank-curvatures,  which  as  we  saw  act  as 
horizontal  components  in  rotating  nutation.  This  latter  is  there- 
fore the  resultant  of  two  factors — of  the  spontaneous  nutation  of 
the  shoots,  and  of  their  negative  geo tropic  movements. 

The  clinostat  experiments  are  to  be  continued,  if  possible,  for  a 
good  time,  so  that  we  may  satisfy  ourselves  by  accurate  observa- 
tion of  the  behaviour  of  the  plants  that  rotating  nutation  does  not 
take  place.  Then  it  is  convenient  to  use  for  the  support  a  glass  tube 
about  I  cm.  in  diameter,  standing  in  the  soil  of  the  culture  vessel, 
and  slip  into  it  a  number  of  successively  smaller  glass  tubes. 
These  we  draw  out  as  the  shoot  grows,  in  order  that  with  increas- 
ing length  it  may  always  be  conveniently  fixed,  while  only  its 
actively  growing  terminal  portion  is  ever  free. 


*  Baranetzki,  Mimoires  de  Vacad,  imp^r,  de  St,  P^tenbourg,  Ser.  vii.,  T.  31, 
No.  8,  1883. 
>  Wortmann,  Botan.  Zeitung,  1886. 
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188.    Free  Winding. 

From  plants  of  Ipomcea  purpurea  or  Phaseolus  growing  in  the 
open,  we  cut  very  vigorous  shoot  ends  about  20-30* cm.  long,  as 
straight  as  possible,  and  not  yet  grasping  any  support.  These  are 
now  placed  with  their  lower  ends  in  a  small  glass  vessel,  filled 
with  water,  and  covered  with  a  large  bell-glass  or  put  into  a  large 
glass  cylinder,  whose  mouth  is  covered  with  a  sheet  of  cardboard. 
In  order  to  keep  the  air  surrounding  the  objects  very  moist,  we 

wet  the  sides  of  the  bell-glass  or  glass  cylinder 
-with  water.  Under  these  conditions  the  shoots 
continue  their  growth,  and  after  two  or  three 
days  have  formed  a  number  of  free  turns.  ^ 
I  have  obtained  this  result  in  experiments 
with  shoot  ends  of  Phaseolus  and  Ipomcea 
purpurea.  The  latter  plant  serves  particu- 
larly well,  and  I  saw  free  turns  originate 
whether  the  plants  were  left  in  tlie  dark  or 
were  exposed  to  diffuse  daylight.  The  draw- 
ing at  the  side  (Fig.  164)  represents  a  shoot 
of  Ipomcea  which  has  formed  free  turns.  It 
is  shown,  and  I  observed  this  still  more 
clearly  in  other  cases,  that  the  lower  and 
therefore  older  parts  of  the  coiled  stem  are 
directed  more  steeply  than  the  younger 
parts,  a  fact  to  which  we  shall  return  later. 


II 


^  See  Sachs,  Lectures  on  Plant  Physiology. 


189.    The  Mechanics  of  the  Winding  of 
,o.    ox.   .    .  Twining  Plants. 

Fio.     164.— Shoot    of  ® 

freTtu^nr'^^"'^*'  ""'^^  ^^  ^^®  ^^^  ^^  *^®  s*®°^  ^^  *  twining  plant 

is  being  carried  round  in  space   by  rotating 

nutation,  it  is   obvious  that   it  may  easily  encounter  a  suit-able 
support. 

To  understand  the  phenomena  which  are  to  be  observed  in 
twining,  it  is  of  the  first  importance  to  consider  the  rotating 
nutation,  in  the  causation  of  Avhich,  as  we  saw  in  187,  the  per- 
sistent nej^atively  geotropic  behaviour  of  the  stem  plays  so  im- 
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portant  a  part,  and  also  the  resistance  of  the  supports.  These 
two  factors  cause  winding  stems  to  ran  roand  the  supports  in 
a  spiral  line,  and  thej  also  afEord  us  an  explanation  of  the  fact 
which  we  observed,  that  the  uppermost  turns  made  i*ound  a 
support  are  flat  and  relatively  wide,  while  the  lower  ones  are 
steeper.  We  must  bear  in  mind,  viz.,  that  the  stems  of  twin- 
ing plants  continue  to  grow  for  some  time  after  coiling,  and 
consequently  they  become  elevated  under  the  influence  of 
gravity.  If  a  support  is  present,  the  older  parts  of  the  stem 
cannot  completely  straighten  themselves,  because  of  course  the 
support  always  stands  in  the  way.  The  winding  stems  now 
closely  apply  themselves  to  the  supports  in  a  spiral  line,  and 
the  ultimate  angle  of  inclination  of  the  shoot  axis  will  be  the 
less,  the  thinner  the  support.  With  thick  supports,  the  appli- 
cation of  the  older  parts  of  the  stem  to  the  supports  takes 
place  early ;  the  erection  of  the  internodes  is  soon  arrested,  and 
the  completed  spirals  therefore  appear  comparatively  flat. 

It  is  perhaps  at  first  sight  surprising  that  free  turns  only 
seldom  appear  in  a  typical  form  in  the  overhanging  shoot 
ends  of  twining  plants  growing  under  perfectly  normal  conditions 
in  the  open,  whereas  they  readily  develop,  as  we  have  seen,  in 
pieces  of  stem  cut  ofE.  The  case  soon  becomes  clear,  however,  on 
careful  consideration.  The  vigour  of  growth  in  cut  shoots  is  at 
any  rate  considerably  reduced.  Free  turns  can,  it  is  true,  be  pro- 
duced, owing  to  the  rotating  nutation  associated  with  the  growth, 
but  the  geotropic  elevation  of  the  internodes  is  only  imperfectly 
exhibited.  The  shoot  ends  of  twining  plants  vigorously  growing 
in  the  open  and  projecting  beyond  the  supports,  react  for  the 
most  part  so  well  to  the  action  of  gravity,  that  usually  their  inter- 
nodes straighten  out  almost  completely,  and  consequently  no 
permanent  free  turns  can  be  developed. 

We  now  proceed  to  various  experiments,  the  results  of  which 
are  calculated  to  afford  us  a  deeper  insight  into  the  mechanics  of 
the  winding  of  twining  plants. 

Beside  a  young,  very  vigorous  plant  of  Phaseolus  multiflorus, 
grown  either  in  a  flower-pot  or  in  the  ground,  is  placed  a  support 
30  mm.  in  diameter.  After  the  stem  has  wound  round  it  a  few 
times,  the  support  is  rapidly  removed,  and  replaced  by  a  thin 
one,  only  a  few  millimetres  in  diameter.  The  turns  of  the  stem, 
naturally,  are  not  at  first  applied  to  this  thin  support.  We  now 
observe  that  the  upper  advancing  end  of  the  stem  forms  new 
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turns,  but  for  us  it  is  of  special  importance  that  the  yonnger  of 
the  turns  which  were  formed  round  the  thick  support,  become 
steeper  in  the  course  of  one  to  two  days,  and  apply  themselves 
closely  to  the  thin  support.  This  is  due  to  the  continued  growth 
of  the  parts  in  question,  and  their  consequent  geotropic  elevation. 
The  older  of  the  turns  formed  round  the  thick  support  on  the 
contrary  remain  comparatively  flat ;  they  undergo  no  further 
changes  since  the  growth  of  the  older  internodes  has  already 
ceased. 

A  vigorous  pot  plant  of  Phaseolus,  which  has  made  a  few  turns 
round  a  support,  is  placed  upside  down,  some  strips  of  wood  being 
placed  across  the  flower-pot  to  prevent  the  soil  from  falling  out. 
The  younger,  still  vigorously  growing  parts  of  the  stem  soon  begin 
to  unwind  from  the  support,  and  the  end  of  the  stem  directs  itself 
upwards.  This  result  only  becomes  intelligible  when  we  reflect 
that  in  every  transverse  zone  of  the  stem  still  in  a  state  of  growth, 
there  is  always,  owing  to  the  influence  of  the  rotating  nutation,  a 
tendency  to  keep  growing  in  the  direction  of  a  left-handed  ascend- 
ing spiral.  After  the  inversion  of  the  bean  plant,  the  concave 
side  of  the  stem,  turned  towards  the  support,  must  therefore 
become  convex,  and  this  results  in  the  unwinding  of  the  parts  of 
the  internodes  which  are  still  growing. 

That  gravity  is  really  of  importance  in  the  causation  of  rotating 
nutation  and  winding,  has  already  been  shown  in  187.  The 
following  experiment  teaches  the  same  thing.  The  flower-pot  in 
which  a  vigorous  bean  plant  has  developed  and  already  made 
several  turns  round  a  support,  is  fixed  on  the  clinostat,  and  slowly 
rotated  in  the  vertical  plane.  The  rotation  is  made  in  a  direction 
opposite  to  that  of  the  normal  winding.  We  now  see  that  the 
parts  of  the  stem  still  capable  of  growth  loosen  themselves  from 
the  support.  The  youngest  turns  unwind,  and  the  shoot  stretches 
itself  more  or  less  straight.  Here  the  coiled,  still  growing  part  of 
the  shoot,  on  suspension  of  the  action  of  gravity,  behaves  on  the 
clinostat  exactly  like,  e.g.,  a  simply  geotropically  curved  shoot. 
Such  a  shoot,  if  capable  of  growth,  straightens  under  the  conditions 
described ;  so  also  a  coiled  shoot,  whose  power  of  winding  is  like- 
wise dependent  on  the  co-operation  of  geotropism.  The  straighten- 
ing is  the  result  of  internal  growth  determinants  which  are  very 
generally  operative  when  plant  structures  which  exhibit  nutations 
are  placed  under  conditions  in  which  the  curvature  determinant 
does    not   act.     This    power   of    plant   structures   to  compensate 
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carvaturea  Vochting  termed  rectipetalitj  {Bewegungen  der  Bliltlien 
und  Friichte,  p.  31),  without  however  thereby  professing  to  make 
clear  the  nature  of  the  phenomenon^ 

It  must  also  be  regarded  as  a  consequence  of  the  co-operation  of 
geotropism  in  the  winding  of  twining  plants,  that  they  cannot  coil 
round  horizontal  supports,  a  fact  of  which  we  can  easily  satisfy 
ourselves  by  experiment.  Bean  plants  will  not  wind  round  sup- 
ports inclined  more  than  40^. 

The  following  experiment  is  also 
very  instructive,  showing  among 
other  things  that  the  formation  of 
turns  in  twining  plants  is  quite 
certainly  not  the  result  of  contact 
stimulus.  On  the  end  bud  of  a 
young  pot  plant  of  Phaseolus 
which  has  already  coiled  a  few 
intemodes  round  a  support,  is 
fastened  a  fine  thread  which  runs 
over  a  lightly  running  pulley, 
brought  vertically  over  the  plant. 
On  the  free  end  of  the  thread  we 
hang  a  small  weight  (in  my  ex- 
periments, I  used  a  weight  of  1 
gr.)  just  sufficient  to  support  the 
stem.  After  one  to  two  days,  the 
terminal  portion  of  the  stem  will 
have  formed  a  number  of  free 
turns  (see  Fig.  165),  which  how- 
ever, as  the  apical  growth  of  the 
stem  continues,  gradually  dis- 
appear again,  since  geotropism,  as 
under  other  conditions,  ultimately 
causes  the  internodes  to  straighten 
out.  If  before  beginning  the  ex- 
periment, we  make  fine  ink-dots 
along  the  stem  at  short  distances 
from  each  other,  it  will  be  found, 
after  the  disappearance  of  the 
free    turns    formed    in    the     first 

place,  that  the  dots    are    no    longer  in  a  straight  line,   but   are 
arranged  on  a    spiral  ascending    from    the  left.     Homodromous 
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torsion  has  therefore  developed,  as  may  very  frequently  he 
observed  in  twining  stems.  The  origin  of  this  torsion  is  most 
intimately  bound  up  with  the  development  of  the  free  turns  of 
our  stem.  When  the  turns  by  straightening  of  the  stem  dis- 
appear, they  are  converted  into  a  homodromous  torsion,  i.e.  a 
torsion  corresponding  in  direction  with  the  winding  of  the  plant. ^ 


^  The  more  recent  researches  on  twining  plants  will  be  found  especially  in 
the  following  treatises :  H.  de  Yries,  Arbeiten  d.  botan.  Inst,  in  WQrzlmrg,  Bd. 
1 ;  Sohwendener,  MonaUherichte  d.  Berliner  A  had.,  1881,  December ;  Ambronn, 
Berichte  d.  SachsUchen  GeselUch.  d.  WUsensch. ;  Wortmann,  Botan.  Zeitung, 
1886.  The  results  of  my  investigations  respecting  twining  plants  agree  in  all 
essential  points  with  those  of  Sachs  and  Wortmann. 


190.    £7periment8  on  the  Tendrils  of  the  CucorbitaceaB. 

There  are  many  plants,  belonging  to  very  different  families, 
which  are  furnished  with  tendrils.  These  thread-like  organs  are  of 
service  to  the  plants  in  climbing.  They  are  able  to  attach  them- 
selves to  supports,  and  so  prevent  the  plants  from  falling. 

To  familiarise  ourselves  with  the  remarkable  peculiarities  of 
tendrils,  it  is  very  convenient  to  employ  for  examination  a  series  of 
CucurbitaceaB,  especially  Cyclanthera  explodens  and  Sicyos  angu- 
latus.  The  former  we  grow  in  not  too  small  flower-pots,  the  latter 
in  the  open  ground.  Both  are  raised  from  seeds.*  When  the 
plants  have  reached  a  certain  size,  it  is  necessary  to  furnish  them 
with  suppoi'ts  for  the  tendrils  to  fix  themselves  to. 

If  we  examine  a  vigorously  developed  specimen  of  Cyclanthera 
explodens,  it  is  seen  that  the  tendrils  not  yet  fixed  to  supports,  aud 
straight,  are  constantly  in  a  state  of  movement.  They  are  carried 
round  in  space  in  a  circle,  a  fact  which  is  really  due  to  the  rotat- 
ing nutation  of  the  shoot  carrying  them.  I  observed  a  tendril  of 
Cyclanthera  perform  a  complete  revolution,  at  a  high  summer 
temperature  (over  20°  C),  in  the  course  of  an  hour.  But  in  many 
plants  not  only  the  tendril-bearing  shoots,  but  also  the  tendrils 
themselves,  are  capable  of  performing  rotating  nutation.^  These 
movements  exhibit  themselves  in  a  pure  form  when  we  exclude  the 
shoot  nutations  by  fixing  the  shoots  to  a  stick  at  the  point  of  in- 
sertion of  the  tendrils.  The  biological  importance  of  the  nutations 
is  very  considerable.     The  growing  tendrils  are  thereby  carried 

*  The  Sieves  plants  are  first  cultivated  iu  flower-pots,  and  then,  when  they 
have  attained  a  sufficient  size,  transplanted. 
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roand  in  space,  and  are  more  likely  to  encoanter  suitable  supports, 
to  which  they  can  attach  themselves. 

If  it  is  desired  to  investigate  careFally  the  in-itafaility  of 
tendrils,  Sicyos  aagalatoG  is  specially  to  be  recommended  as 
research  material,  and  I  have  carried  oat  many  experiments  with 
it.  When  yonng,  the  separate  branches  of  the  tendrils  of  this 
plant  are  spirally  coiled.  When  however  they  have  extended,  and 
while  still  actively  growing,  they  become  exceedingly  sensitive. 
At  a  low  temperatui'e  naturally  the  irritability  is  less  than  in  very 
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warm  weather.  If,  on  a  warm  day,  we  oarefnlly  draw  an  extended 
tendril  branch  between  the  fingers,  it  at  once  carves  considerably 
and  the  movement  exhibited  is  so  rapid  that  we  can  follow  it 
directly  with  the  eye.  Fig.  1C6  shows  part  of  a  shoot  of  Sicyos 
angulatns  bearing  a  tendril.  One  branch  a  is  not  stimulated,  and 
so  is  still  extended  in  a  straight  line.  The  branch  b  having  been 
slightly  stimulated  by  means  of  a  thin  wooden  rod  has  per- 
formed an  inconsiderable  cnrvatare,  while  the  branch  c  having 
been  strongly  stimulated  has  performed  a  vigorous  carvature. 
To  the  branch  d  we  shall  return  later.  If  a  tendril  of  Sicyos 
P.P.  K  K 
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is  caused  to  cnrve  by  brief  contact  with  a  solid  body,  and 
then  left  to  itself,  it  straightens  again  completely,  and  is  once 
more  sensitive  to  contact.  At  a  high  summer  temperature,  the 
straightening  of  the  tendrils  of  Sicyos  proceeds  comparatively 
quickly,  and  even  in  experiments  with  Cyclanthera  tendrils  I 
found  that  a  tendril  strongly  curved  owing  to  stimulation,  had,  at 
a  temperature  of  about  22°  C,  extended  again  in  the  course  of  an 
hour,  and  was  once  more  sensitive  to  stimulation. 

If  a  branch  of  a  Sicyos  tendril  is  touched  at  different  points 
with  a  thin  wooden  rod,  we  shall  easily  make  out  that  the  irrita- 
bility of  the  organ  is  especially  great  in  its  anterior  third,  hot 
diminishes  considerably  as  we  pass  thence  towards  the  base.  We 
can  further  determine  that  in  the  sensitive  zone,  only  one  flank  of 
the  branch  reacts  to  the  stimulus  of  contact,  and  in  fact  only  that 
side  is  sensitive  to  contact  which,  when  the  branch  is  still  very 
young,  and  therefore  still  spirally  coiled,  forms  the  convexity.  It 
may  here  be  remarked,  however,  that  there  are  other  plants  in 
which  the  tendrils  are  not  sensitive  merely  on  one  side,  but  on  all 
sides.  To  convince  ourselves  further  of  the  very  great  sensitive- 
ness of  the  tendrils  of  Sicyos  or  Cyclanthera,  it  is  to  be  recom- 
mended to  place  gently  on  the  tips  of  the  tendrils,  fragments  of 
cotton  yarn  or  small  paper  riders,  a  few  mg.  in  weight ;  curvatures 
very  quickly  take  place.  Other  tendrils,  e.g,  those  of  Vitis,  which 
we  shall  carefully  examine  later,  are  far  less  sensitive  than  those 
we  have  been  considering ;  loads  a  few  mg.  in  weight  do  not.,  as  a 
rule,  cause  them  to  bend  inwards  at  all. 

It  is  of  essential  importance,  and  easily  proved,  that  tendrils 
are  not  simply  sensitive  to  pressure,  impact,  or  contact,  but  that 
only  a  particular  form  of  contact  acts  as  a  stimulus.'  If  tendril- 
bearing  shoots  of  Sicyos  are  violently  shaken,  care  being  taken 
to  avoid  any  contact  of  the  tendrils  with  a  solid  body,  shock 
curvatures  may  appear  in  the  tendrils,  but  the  striking  effect 
which  is  brought  about  by  contact  with  a  solid  body  is  absent. 
This  experiment  teaches  also  thnt  friction  against  the  air  does  not 
act  on  the  tendrils  as  a  stimulus.  Further,  a  stream  of  water 
directed,  e.g.,  by  means  of  a  wash  bottle  against  the  irritable  side 
of  the  tendrils  of  Sicyos,  does  not  stimulate  them.  The  sensitive 
leaves  of  Mimosa  pudica,  as  I  satisfied  myself,  behave  quite  dif- 
ferently from  tendrils,  both  towards  a  stream  of  water  and  to 
simple  shock  \^ET8chutterung'\,  These  leaves  are  stimulated  by 
any  kind  of  mechanical  shock  whatever,  and  if,  e.^.,  we  direct  a 
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stream  of  water  against  an  expanded  leaf,  the  well-kuown  closing 
movements  very  rapidly  ensue.  Tendrils  are  not  irritable  to  all 
kinds  of  mechanical  shock ;  they  only  react  when  in  their  sensi' 
tive  zone  discrete  points  of  limited  extent  are  subjected  simul- 
taneously or  in  sufficiently  rapid  succession  to  push  or  pull. 
We  have  therefore  to  distinguish  between  impact  stimulus 
[Stossreizl,  to  which,  e.g.,  the  leaves  of  Mimosa  react,  and  contact 
stimulus  [Gontactreizlj  which  cause  the  movements  of  tendrils. 

If  a  support,  e.g.  a  wire  or  a  thin  stick,  is  placed  in  the  neigh- 
bourhood of  tendrils  of  Sicyos  or  Cucurbits,  the  irritable  organs 
soon  come  into  contact  with  it  owing  to  the  nutation  movements 
already  referred  to.  The  contact  acts  as  a  stimulus,  and  the  ten- 
drils curve.  Owing  to  this  curvature,  fresh  points  of  the  tendrils 
come  into  contact  with  the  support,  causing  further  stimulation, 
and  thus,  rapidly  or  slowly,  the  tendril  comes  to  wind  round  the 
support  (see  Fig.  166,  tendril  branch,  d).  When  a  tendril  has 
grasped  a  support,  notable  changes  very  rapidly  appear  in  the 
portion  of  the  tendril  between  the  support  and  the  plant.  This 
part  of  the  tendril,  viz.,  as  represented  in  Fig.  166,  forms  cork- 
screw-like coils,  and  for  purely  mechanical  reasons  so-called 
reversal  points  originate,  which  separate  spirals  wound  in  opposite 
directions  (see  Fig.  166,  at  TF).  I  found,  e.g.,  that  a  Sicyos  tendril, 
which  had  grasped  a  support  at  about  4  p.m.  on  July  1st,  was 
already  coiled  corkscrew  fashion  in  the  part  stretched  between 
the  supports  and  the  plant  on  the  morning  of  the  next  day ; 
reversal  points  were  also  already  present.  I  found  further  that 
a  Cyclanthera  tendril,  which  had  grasped  a  support,  at  a  high 
summer  temperature  already  exhibited  the  first  spiral  turns  be- 
tween the  support  and  the  plant  at  the  end  of  eight  hours.  These 
first  turns  formed  in  the  immediate  neighbourhood  of  the  point  of 
attachment  of  the  tendril  to  the  support.  The  development  of 
the  coils  proceeds  in  the  free  part  of  the  tendril  from  the  tip 
towards  the  base. 

Tendrils  of  our  Cucurbitaceae  which  have  not  grasped  a  support 
exhibit  coiling  phenomena  like  organs  which  have  already  attached 
themselves,  but  we  can  readily  satisfy  ourselves  that  while  the  coils 
form  rapidly  in  attached  tendrils,  they  develop  only  very  slowly 
in  free  ones.  These  facts  leave  no  room  for  doubt  that  the  ac- 
celerated coiling  in  attached  tendrils  is  due  to  the  contact  stimulus 
to  which  they  have  been  subjected,  and  it  is  moreover  clear  that 
propagation   of  stimulus   must   play  an  important   part  in  the 
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phenomenon,  since  the  spirals  are  of  course  formed  in  the  free 
parts  of  the  tendrils,  not  in  the  parts  directly  touched. 

With  reference  to  the  mechanics  of  tendril  movements,  this 
much  is  known  with  certainty,  that  when  a  tendril  has  been 
stimulated  by  contact,  and  curvatures  have  been  effected,  the 
turgor-expansion  of  the  cells  of  the  now  concave  side  is  less  than 
that  of  the  cells  of  the  now  convex  side.  This  preliminary  differ- 
ence in  turgor-expansion,  called  into  existence  by  the  contact 
stimulus,  then  further  leads  to  a  difference  in  the  growth  of  the 
cells  of  the  concave  and  convex  sides  of  the  tendril.  The  cells  of 
the  latter  grow  more  actively  than  those  of  the  former,  and  thus 
the  curvatures  induced  by  the  stimulus  become  fixed.  By  means 
of  the  plasmolytic  method  (see  59)  we  are  enabled  to  determine 
the  share  taken  in  the  production  of  the  tendril  curvatures  by 
turgor-expansion  on  the  one  hand  and  the  growth  of  the  cells  on 
the  other,  and  it  is  instructive  to  make  such  experiments.  The 
method  is  to  stimulate  the  tendrils  slightly  or  strongly,  and  then, 
when  more  or  less  considerable  curvatures  have  taken  place,  cut 
them  off  and  lay  them  at  once  in  a  20  per  cent,  solution  of  com- 
mon salt.  If,  under  plasmolysis,  the  curved  tendrils  completely 
straighten  again,  the  curvature  resulting  from  the  stimulus  of 
contact  was  only  occasioned  by  a  difference  in  the  turgor-expan- 
sion in  the  cells  on  the  concave  and  convex  sides  of  the  tendril. 
If,  on  the  other  hand,  complete  straightening  is  not  effected  by 
plasmolysis,  the  participation  of  growth  in  the  development  of 
the  spirals  is  demonstrated.  I  have  stimulated  Sicyos  tendrils, 
and,  after  they  had  developed  J,  £,  or  IJ  turns,  subjected  them  to 
plasmolysis.  The  two  first  tendrils  soon  straightened  completely ; 
the  last  retained  in  the  salt  solution  |^  of  a  turn.^ 

The  tendrils  of  the  CncurbitacesB  are  very  irritable  only  at  their 
tips,  as  was  found  to  be  the  case  with  Sicyos  tendrils  ;  the  irrita- 
bility gradually  falls  off  as  we  proceed  towards  their  base.  This 
is  undoubtedly  related  to  the  fact,  of  the  truth  of  which  I  was 
satisfied  from  the  descriptions  of  O.  Miiller,*  that  the  base  of  the 
tendrils  in  CucurbitaceaB  is  radial  in  structure,  while  the  nearer 
we  approach  the  highly  sensitive  tips  of  the  tendrils  the  more 
pronounced  becomes  their  dorsiventrality  of  structure.  We  pre- 
pare, e.g.,  a  large  number  of  sections  from  a  tendril  of  Bryonia 
dioica.  At  the  base  the  tendril  is  completely  or  approximately 
radial  in  structure.  We  perceive  the  vascular  bundles,  regularly 
disposed  in  the  pith,  a  closed  ring  of  sclerenchyma,  the  elements 
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of  which,  however,  need  not  yet  be  lignified,  then  green  tissue, 
which,  however,  only  reaches  to  the  epidermis  here  and  there, 
since  there  is  an  abundance  of  collenchyma. 

If  we  examine  sections  from  the  middle  or  upper  part  of  the 
Bryonia  tendrils,  the  dorsiventral  structure  of  the  irritable  organ 
stands  out  more  and  more  clearly.  The  vascular  bundles  are 
crowded  together  in  the  ground  tissue  on  the  under  side  of  the 
tendril ;  the  sclerenchyma  no  longer  forms  a  ring,  but  an  arch  on 
the  under  side  of  the  tendril.  Similarly  the  collenchyma  is  here 
especially  abundant,  while  the  green  parenchyma  constitutes  the 
bulk  of  the  tissue  on  the  upper  side  of  the  tendril. 


'  See  Wortmann,  Botan,  Zeitung^  1887,  No.  7. 

*  See  Pfe£fer,  Untertuchungen  aus  d.  hot,  Inst,  zu  Tubingen^  Bd.  1,  p.  483. 
'  See  H.  de  Yries,  Arbeiten  des  botan.  Init,  in  WUrzburg,  Bd.  1,  p.  302,  and 
Landwirthschl.  Jahth.^  Bd.  9,  p.  511. 
^  See  0.  Muller,  in  Cohn*8  Beitrdge  zur  Biologie  der  Pflanzen^  Bd.  4,  p.  120. 


191.    Experimentg  with  Tendrils  of  the  Ampelidea. 

The  branched  tendrils  of  Yitis  vinifera  are  not  nearly  so  sensi- 
tive as  those  of  Sicyos  and  Cyclanthera  discussed  in  190.  These 
latter,  under  favourable  circumstances,  react  almost  instantane- 
ously and  very  energetically  to  the  stimulus  of  contact.  Yitis 
tendrils,  even  after  strong  stimulation,  curve  only  slowly.  I 
found  on  one  occasion  that  a  branch  of  a  Yitis  tendril  which  had 
been  drawn  several  times  between  the  fingers,  was  distinctly 
curved,  at  a  high  summer  temperature,  at  the  end  of  twenty 
minutes.  In  all  other  cases,  especially  when  the  temperature  was 
not  so  high,  the  effect  of  the  stimulus  was  not  clearly  observable 
for  an  hour  or  two.  When  a  tendril  of  Yitis  has  curved  owing  to 
transitory  stimulations,  it  slowly  straightens  again,  and  is  then 
once  more  irritable.  If  we  place  a  thin  wooden  rod  near  a  Yitis 
tendril,  to  serve  as  a  support,  the  tendril  can  readily  coil  round  it. 
The  free  part  of  the  tendril,  between  the  support  and  the  plant, 
draws  itself  together  corkscrew-fashion;  but  this  takes  place 
slowly,  often  not  till  a  few  days  have  elapsed. 

The  tendrils  of  Ampelopsis  quinquefolia  (wild  vine)  behave  in  a 
very  characteristic  manner.  Such  a  tendril  is  depicted  in  Fig.  167  ; 
it  has  not  yet  made  any  attachment.  The  tendril  branches  are 
only  capable  of  winding  in  certain  individuals ;  they  are  mostly 
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unable  to  attach  themselves  in  the  manner  typical  of  the  tendrils 
of  many  Cacnrbitacead  and  the  tendrils  of  Vitis.  On  the  other 
hand,  the  ends  of  the  tendril  branches  have  the  power  of  pro- 
ducing attachment  balls.  When,  viz.,  their  tips  come  into  contact 
with  the  stone  or  woodwork  against  which  the  plant  is  growing, 
they  at  once  begin  to  swell,  as  a  result  of  the  contact  stimulus,  so 


Fio.  167.— Tendril  of  Aznpelopsis  qninqnefolia 
unattached. 


Fig.   168.— Tendril   of   Ampelopftis 
qninqnef  olia,  with  attachment  balls. 


as  to  form  the  attachment  balls.  The  cells  of  these  last  exude  a 
viscid  secretion,  by  means  of  which  the  attachment  of  the  tendril 
tips  is  effected.  In  Fig.  168  is  drawn  a  tendril  of  Ampelopsis, 
which  was  removed  from  a  wooden  wall  after  the  tips  of  its 
branches  had  just  begun  to  form  attachment  balls.  If  an  Ampe- 
lopsis tendril  has  in  this  way  fixed  itself,  there  are  produced  in 
the  part  of  the  tendril  between  the  points  of  attachment  and  the 
plant  spiral  windings.  The  development  of  these,  as  in  tendrils 
of  Sicyos,  Vitis,  etc.,  is  due  to  propagation  of  stimuli,  and  is  inti- 
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matelj  connected  with  the  contact  stimnlas  which  led  to  the 
formation  of  the  attachment  balls.  If,  viz.,  the  Ampelopsis  ten- 
drils do  not  attach  themselves,  the  spiral  tarns  are  not  produced ; 
the  tendrils  become  withei-ed,  even  in  the  course  of  one  or  two 
weeks,  and  fall  off.  The  contact  stimulus,  however,  leading  to 
formation  of  attachment  balls  at  the  ends  of  the  tendril  branches, 
calls  forth  not  only  the  formation  of  the  spiral  windings  referred 
to,  but,  owing  to  transmission  of  stimuli,  it  leads  to  still  further 
changes  in  the  freely  extended  part  of  the  t«ndril. 

If  we  examine  a  thin  transverse  section  of  a  non-attached  ten- 
dril branch  of  Amelopsis,  we  perceive  a  large-celled  pith,  which 
is  surrounded  by  a  vascular  bundle  circle.  The  communication 
between  the  pith  and  the  green  cortex  is  effected  by  wide  medul- 
lary rays,  and  in  the  periphery  of  the  cortex,  close  under  the 
epidermis,  is  present  coUenchyma.  When  the  tendrils  have 
attached  themselves,  their  structure  undergoes  essential  changes, 
simultaneously  with  the  formation  of  the  spiral  turns.  In  the 
medullary  rays  interfascicular  cambium  appears  ;  the  wood  of  the 
vascular  bundles  enlarges  considerably,  till  finally  a  closed  ring 
of  wood  is  produced,  whereby  the  tendrils  gain  very  considerably 
in  firmness  and  power  of  resistance,  and  now  become  of  real 
service  to  the  plant.^ 


^  See  Darwin,  The  MovemenU  and  Habits  of  Climbing  Plants,  and  v.  Len- 
gerken,  Botan,  Zeitwig,  1885,  Nos.  22-26. 


IV.     DORSIVENTRALITY,  POLARITY,  AND  ANISOTROPY 
IN  PLANT  ORGANS,  AND  PHENOMENA  OF 

CORRELATION. 

193.    Dorgiventrality. 

Many  plant  organs,  especially  plagiotropic  ones  (e.^.  many 
foliage  leaves),  are  decidedly  dorsiventral  in  construction.  Some 
stem  structures  are  characterised  by  dorsi ventral ity,  morpho- 
logical or  physiological,  and  in  some  of  these  even  the  cause  of 
the  dorsi veutrality  is  known,  and  it  can  hence  be  induced  in  them. 
We  will  make  a  few  observations  in  order  to  gain  further  infor- 
mation on  this  interesting  subject. 

We  sow  some  seeds  of  Tropceolum  majus  in  summer  in  good 
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garden  soil  contained  in  flower-pots.     We  place  the  pots  in  front 
of  a  window  exposed  to  very  bright  light.     The  epicotjls  of  the 
yonng  seedlings  (we  must  onlj  grow  a  few  in  each  pot,  so  as  to 
avoid  their  shading  each  other)  at   first  tnrn  towards  the  light ; 
they  exhibit  positive  heliotropism.     If  the  plants  are  allowed   to 
remain  nndistnrbed  in  front  of  the  window,  exposed  to  the  bright 
light,  the  positive  heliotropism  passes  over  into  negative  helio- 
tropism.    They  curve  away  from  the  sonrce  of  light,  as  also  do 
the  new  shoots  developing  later.     Their  illominated  side  (npper 
side)  hence  becomes  convex.     The  intense   light,  therefore,  has 
induced  plagiotropism  in  the  Tropseolum  shoots,  bnt  it  is  not  deep- 
seated,  since  the  stems  of  oar  plants,  both  with  respect  to  their 
anatomical  stmctare,  and  also  as  regards  the  position  of  the  leaves 
arising  on  them,  always  present  a  multilateral  or  radial  character. 
It  is  important  that  the  illuminated  or  npper  side  of  the  epiootyl 
of  Tropo9olum  does  not  gradually  become  convex  when  the  objects 
are   exposed  to   weak   light;   the    negative  heliotropism  of   the 
structures  is   not   then    exhibited ;   they   now   curve    only  in  a 
positively  heliotropic  manner,  towards  the  light.     Moreover,  any 
flank  we  please  of  the  TropsBolum  stem  (that,  viz.,  illuminated 
most  strongly)  may  become  the  upper  side.* 

A  striking  case  of  local  induction  of  dorsi ventral ity  may  he 
proved  by  experiments  with  the  horizontally  growing  shoots  of 
Thuja  occidentalis.'  On  these  shoots  four  rows  of  leaves  are 
present :  one  above  and  one  below  (facial  leaves)  ;  one  on  each 
flank  (marginal  leaves).  Shoots  of  Thuja,  grown  under  normal 
conditions,  are  clearly  dorsiventral  in  construction,  as  we  can 
readily  satisfy  ourselves  by  examination  of  delicate  transverse 
sections.  Their  mesophyll,  e.g  ,  on  the  upper  surface  is  composed 
of  palisade  parenchyma  ;  it  consists  on  the  lower  side  of  approxi- 
mately isodiametric  cells  (see  Frank,  Pringsheim's  Jahrhuckerj  Bd. 
9,  Table  16,  Fig.  4).  If,  now,  in  the  early  spring,  while  vegetation 
is  still  in  a  state  of  dormancy  (the  experiments  which  I  made 
began  at  the  commencement  of  March),  horizontal  shoots  of  Thuja, 
without  being  removed  fix>m  the  parent  plant,  are  turned  upside 
down  and  fixed  in  that  position,  their  morphological  lower  side 
being  thus  directed  upwards,  it  will  be  found  that  the  shoot  ends 
develop  quite  normally  during  the  spring,  and  also,  as  usual, 
become  dorsiventral  in  structui'e.  That  side  of  the  shoot,  how- 
ever, which,  without  reversal,  would  have  been  morpholc^cally 
he  under  side,  now  becomes  the  upper,  as  is  clearly  indicated. 


MOVEMENTS  OF  IRRITATION.  505 

e.g.,  by  the  presence  of  palisade  parenchyma,  while  the  side  of 
the  reversed  shoots  directed  towards  the  soil  has  assumed  the 
normal  character  of  the  under  side.  The  dorsiventrality  of  Thuja 
shoots  is  thus  the  consequence  of  local  induction.  It  is  brought 
about  by  the  action  of  light,  not,  as  Frank  sought  to  show, 
through  the  action  of  gravity. 

If,  at  the  time  when  the  buds  are  bursting,  i.e.  in  May,  shoots 
of  Taxas  baccata,  in  which  the  leaves  are  arranged  more  or  less 
accurately  in  two  rows,  are  turned  through  an  angle  of  180°,  and, 
without  being  removed  from  the  parent  plant,  are  tied  fast  in 
that  position,  we  observe  that  the  young  shoots  (not  of  course  the 
older,  already  mature  ones)  after  a  few  days  return  by  torsion  to 
the  position  which  they  occupied  at  the  beginning  of  the  experi- 
ment.    If  we  rotate  the  Taxus  shoots  through  180°  before  the  buds 
begin  to  burst  (my  experiments  began  in  the  middle  of  March), 
and  fix   them   in  this   position,  then,  perhaps   chiefly  under  the 
influence  of  gravity,  dorsiventrality  is  soon  induced  in  the  develop- 
ing shoots,  which  corresponds  with  the  new  position,  so  that  the 
annual  shoots  after  reversal  return  to  the  orientation  assumed  at 
the  time  of  sprouting.     The  difference  between  shoots  of  Taxus 
which  have  developed  in  the  usual  manner,  and  shoots  originating 
from  buds  whose  parent  shoots  early  in  the  spring  were  rotated 
through  an  angle  of  180°,  is  however  essentially  this,  that  in  the 
former  the  needles  diminish  in  length  from  the  lower  to  the  upper 
side,  while  in  the  latter  the  longest  needles  are  on  the  upper  side 
(anisophylly).® 


*  See  Sachs,  Arbeiten  de$  botan.  Inst,  in  WUrzburg,  6d.  2,  p.  271. 
<  See  Frank  in  Pringaheim's  Jahrbilcher^  Bd.  9,  p.  147. 
8  See  Frank,  DU  natUrliche  wagerechte  Richtung  von  Pfianzentheilen,  1870, 
p.  24. 


193.    Polarity. 

Numerous  plant  structures,  especially  many  shoots,  exhibit 
well-marked  polarity.  The  organisation,  or  even  the  physiological 
behaviour  of  such  structures,  points  to  a  distinction  between  base 
and  apex,  and  we  will  first  conduct  some  experiments  with  a  view 
to  obtaining  a  clear  understanding  of  the  noteworthy  facts  in 
question  (Vochting). 

Water  is  poured  into  a  glass  cylinder  to  a  depth  of  about  1  cm. 


Salix  fragilia)  about 
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Wa  entirely  cover  tbe  inside  of  the  cylinder  with  strips  of  wet 
blotting-paper  ;  these  mnst  dip  into  the  water  at  their  lower  end. 
The  month  of  the  cylinder  is  covered  with  a,  sheet  of  glass.  We 
may  now  perform  our  experiments  at  very  different  times  of  the 
year,  and  will  first  see  what  results  we  obtain  with  willow  twigs 
in  Febmary  or  March.  If,  at  this  period,  we  suspend  in  oar 
cylinder  (see  Fig.  169)  pieces  of  willow  stem  (Saliz  viminalis  or 
100  mm.  in  length  and  12  mm.  in  diameter, 
beeet  thronghoot  their  length  with  bads 
as  nearly  at)  possible  of  the  same  size,  the 
morphological  apices  of  the  stems  being 
directed  npwards,  their  basal  ends  down- 
wards but  not  dipping  into  the  water, 
then  the  bndg  soon  begin  to  burst,  and  also 
the  primordia  of  roots  concealed  beneath 
the  corter  begin  to  develop.*  lu  the  moist 
air  of  the  colture  cylinder,  at  a  sufficiently 
high  temperature  (say  20°  C),  and  in  dark- 
ness, the  pieces  of  stem  produce  in  the 
course  of  three  or  four  weeks  vigorous 
shoots  and  roots.  We  now  find,  however, 
that  shoots  only  develop  from  the  bads 
at  the  apez,  while  roots  break  forth  from 
a  very  considerable  part  of  the  surface. 
In  many  experiments,  however,  which  I 
conducted,  I  invariably  found  more  or  lees 
clearly,  my  results  here  harmoniaing  with 
those  of  Vochling,'  that  the  roots  increase 
in  number  and  length  towards  the  mor- 
phological base  of  the  pieces  of  stem 
(see  aleo  Fig.  116).  If  in  July  we  cut  oat  from  the  middle  of 
a  vigorous  current  year's  willow  stem  pieces  say  200  mm.  in 
length,  remove  their  leaves  and  suspend  them  in  moist  air  in 
cylinders,  as  described,  shoots  develop  at  their  upper  ends. 
As  to  the  development  of  roots,  that  is  confined  in  the  young 
pieces  of  stem,  in  contrast  with  older  ones,  to  their  morphological 
base.  We  also  snepend  still  older  or  younger  pieces,  in  March  or 
July,  with  their  morpholi^cal  apez  directed  downwards  and  their 
morphological  ha«e  upwards.     It  again  appears  that  at  the  apex 

*  It  tOQBl  be  emphasized  that  the  root  primordia  are  unifomily  diitiibutol 
under  tbe  cortex  tbroaghont  th«  entire  twig. 


wtlloir  iwig. 
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Bhoots  are  produced,  while  at  the  morphological  base  especially 
nnmerons  and  vigorons  roots  are  formed.  The  experiments  with 
inverted  pieces  of  stem  thns  teach  that  the  action  of  gravity 
cannot  be  the  immediate  cause  of  the  phenomena  we  have  observed 
in  connection  with  the  development  of  shoots  and  roots. 

It  is  certain  that  the  polarity  of  plant  structures,  i.e.  the 
differentiation  into  base  and  apex,  is  not  due  to  mysterious  vital 
forces,  but  that  it  owes  its  origin  to  external  forces.  We  have 
every  reason  to  suppose  that  gravity  was,  in  the  first  instance, 
the  chief  cause  of  that  polarity,  and  we  may. form  for  ourselves 
an  idea  somewhat  as  follows  of  the  problem  before  us.  When 
gravity  always  acts  in  the  same  direction  and  for  numberless 
generations  on  plants,  an  inheritable  peculiarity  may  finally 
result,  owing  to  summation  of  effects,  which,  in  fact,  we  desig- 
nate as  polarity.  Polarity  would  accordingly  be  regarded  as  an 
after-effect  phenomenon,  induced  by  gravitation  and  stretching 
beyond  the  life  of  the  individual,  as  a  phenomenon  of  inherent  or 
stable  induction,  or,  as  we  are  accustomed  to  say,  as  an  inheiit- 
able  disposition.  From  this  point  of  view  it  would  also  be  intel- 
ligible that  gravity  is  unable  to  exert  any  essential  direct  influence 
on  the  development  of  buds  and  roots  in  structures  having  well- 
marked  polarity.*  But  gravity  does  nevertheless  exert,  under 
particular  circumstances,  a  striking  influence  on  them,  as  we  may 
easily  satisfy  ourselves  by  an  experiment,  which  I  conducted  as 
follows.  A  fairly  large  asinc  box  was  half  filled  with  water. 
Over  the  surface  of  the  water  were  then  arranged  horizontally  a 
number  of  pieces  of  willow  stem,  200  mm.  in  length  and  12  mm. 
in  diameter,  as  can  easily  be  effected  by  supporting  them  at  their 
ends  on  suitable  supports  projecting  out  of  the  water.  The  zinc 
box  I  closed  not  completely  air-tight  with  a  cover,  so  that  the 
research  material  was  in  darkness.  The  experiments,  which  were 
made  in  March  and  April,  showed  that  the  buds  developed  pre- 
ponderatingly  at  the  morphological  apex  of  the  pieces  of  stem, 
while  the  roots  formed  chiefly  at  the  base*  It  is,  however,  of 
special  significance  for  us  here  that  the  former  developed  chiefly 
on  the  upper,  the  latter  on  the  lower  side  of  the  horizontally-lying 
stems,  a  result  without  any  doubt  dependent  on  the  action  of 
gravity.     In  investigations  of  this  kind,  a  number  of  pieces  of 

*  All  shoots  do  not  exhibit  such  decided  polarity  as  willow  twigs,  and  such 
are  then  accessible  also  to  local  induction.  See  Sachs,  Lectures  on  Plant 
Physiology, 
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stem  mnst  always  be  employed  side   by  side,  because  different 
specimens  behave  very  differently. 

It  may  farther  be  remarked  incidentally  that,  as  Ydchting  has 
specially  shown,  light  exerts  an  important  influence  on  the 
development  of  roots  in  willow  twigs.  If  we  suspend  pieces  of 
willow  stems,  as  described,  in  glass  cylinders,  cover  one  cylinder 
with  a  black  receiver,  leaving  the  other  exposed  to  diffuse  daylight, 
we  find  that  in  the  light  fewer  roots  break  from  the  cortex  than 
in  the  dark,  and  that  the  root  development  is  also  completed  more 
slowly  in  the  light  than  in  the  dark. 

In  many  plant  structures  polarity  as  well  marked  as  that  of 
willow  stems  is  to  be  observed.  I  have,  e.g.,  placed  potato  tubers 
in  a  box,  in  winter,  so  that  they  were  excluded  from  the  light.' 
The  apices  of  several  tubers  were  directed  upwards,  those  of  others 
downwards,  but  always  vigorous  shoots  developed  in  abundance 

only  at  the  morphological  apex,  i.e.  at  the 
end  of  the  potato  which  is  opposed  to  the 
former  point  of  attachment  to  the  parent. 
Under  the  conditions  described  the  shoots 
can  only  obtain  the  water  necessary  for 
their  formation,  as  also  the  necessary  food 
stuffs,  from  the  tuber  (see  Fig.  170). 

If  we  suspend  in  glass  cylinders  contain- 
ing some  water  pieces  of  root,  e.g.  of  Ulmus 
campestris,  100-150  mm.  long,  and  10  mm. 
in  thickness,  with  their  morphological 
apices  directed  upwards  or  downwards, 
and  then  exclude  the  light,  they  always 
produce  adventitious  shoots  at  their  mor- 
phological base  only.  New  roots  are  more 
rarely  produced  at  the  morphological  apex; 
they  do  not  originate  here  at  all  readily. 
Shoots,  as  we  have  seen,  form  at  their  morphological  apex  new 
shoots ;  roots,  on  the  other  hand,  yield  shoots  at  their  morpho- 
logical base. 


Fio.   170.  —  Germinating 
potato  tuber.    T,  runner. 


»  See  yachting,  Ueher  OrganhiUlang  im  Pflanzenreich,  1878.  See  farther 
Ydchting,  Ueher  Trantplantationen  am  PJianzenklSrper,  Tubingen,  1892. 

*  See  Detmer,  Sitzungsber.  d.  Jenaisehen  GeielUch.  f.  NaturwUtentcK  und 
Medicin,  1884,  p.  5. 
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194.    Anisotropy. 

The  direction  wbich  plant  stractares  take  in  growth  and  finally 
maintain,  by  no  means  depends  on  accidental  circnmstances,  but 
in  a  definite  way  stands  in  a  cansal  relation  to  a  series  of  internal 
and  external  growth  determinants.  Hence  it  is  even  in  many 
cases  possible  to  set  forth,  at  least  to  a  certain  extent,  the  causes 
which  lead  a  plant  structure  under  given  conditions  to  take  up  one 
and  no  other  direction  of  growth,  and  a  number  of  these  cases  may 
here  find  special  mention. 

If  we  cultivate  seedlings  of  Phaseolus  in  the  manner  described 
in  172  in  a  zinc  box,  behind  a  sheet  of  glass,  it  is  easy  to  make  out 
that  the  lateral  roots  of  the  first  order  make  a  definite  angle  with 
the  main  root,  which  we  term  the  geo tropic  limiting  angle.  Our 
culture  has  been  placed  in  the  dark,  and  when  a  number  of  lateral 
roots  have  developed  we  indicate  the  direction  of  their  apices  by 
making  ink-lines  on  the  outside  of  the  sheet  of  glass.  We  now 
expose  our  apparatus  to  difEnse  daylight,  keeping  the  temperature 
cx)nstant.  The  tips  of  the  lateral  roots  undergo  a  considerable 
change  in  their  direction  of  growth,  as  can  be  unmistakably  seen 
even  at  the  end  of  twenty-four  hours.  Even  in  the  light  of  course 
the  roots  do  not  grow  vertically  downwards,  but  still  the  geotropic 
limiting  angle  of  the  newly  formed  parts  of  the  roots  is  consider- 
ably less  than  that  of  the  parts  which  originated  in  dai*knes6. 
Light,  therefore,  is  able  to  influence  in  a  definite  way  the  geotropic 
behaviour  of  roots. 

If  in  spring  we  examine  the  soil  in  the  neighbourhood  of  flower- 
ing plants  of  Adoxa  Moschatellina,  we  find  that  it  is  traversed  by 
nnmerous  ivory-white  rhizomes  of  the  plant.  They  run  horizon- 
tally in  the  soil,  and  the  question  arises,  what  conditions  bring 
about  the  plagiotropism  of  the  organs.  We  cut  off  the  ends  of 
some  of  the  rhizome  branches  to  a  length  of  several  centimetres, 
stick  them  with  their  lower  ends  in  moist  soil  contained  in  a  flower- 
pot so  that  their  apices  are  directed  upwards,  and  put  them  in  a 
dark  place  under  a  bell-glass.  After  a  few  days  (in  my  experi- 
ments after  two  or  three  days)  the  growing  parts  of  the  rhizome 
tips  are  directed  horizontally,  and  the  growth  curvature,  as 
follows  from  our  experiment  and  others,  is  due  exclusively  to  the 
action  of  gravity.  Stress  must,  however,  be  laid  on  the  fact  that 
the  geotropism  of  the  rhizome  of  Adoxa  does  not  cause  it  to 
assume  a  vertical  but  a  horizontal  direction.^ 
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When  the  pieces  of  Adoxa  rhizome,  placed  with  their  basal  ends 
in  soil,  are  unilaterally  illuminated,  from  above  or  better  from  the 
side,  their  growing  apices  in  the  course  of  a  few  days  cnrve 
vertically  downwards.  The  downward  curvature  takes  place  some- 
times towards  one  side,  sometimes  towards  the  other.  It  shows  on 
definite  relations  to  the  incidence  of  the  light.  The  light  here 
also  influences  the  geotropic  behaviour  of  the  organs  in  a  char- 
acteristic manner  (heterogeneous  induction  of  Noll). 

It  is  further  instructive  to  make  the  following  experiment, 
which  I  carried  out  with  shoots  of  Sida  Nap83a  deprived  of  their 
leaves,  since  it  teaches  that  temporarily  even  geotropic  after-effects 
may  be  of  importance  in  determining  the  direction  of  growth  of 
plant  structures  (see  also  173).  We  stick  the  lower  end  of  a 
shoot  of  Sida  into  moist  sand  heaped  against  one  wall  of 
a  zinc  box  inside,  and  leave  the  shoot  in  a  horizontal  posi- 
tion for  IJ  hours  at  a  temperature  of  about  20°  C,  until  a 
geotropic  upward  curvature  has  just  begun.  We  now  rotate  the 
shoot  90°  to  the  right  or  left.  At  the  end  of  two  or  three  hours 
from  this  time,  we  find  that  the  curvature  of  the  shoot  in  the 
horizontal  direction  has,  owing  to  geotropic  after-effect,  become 
very  considerable.  With  this  curvature,  however,  has  been 
combined  another,  an  upward  one,  induced  by  the  direct  action  of 
gravity,  so  that  the  shoot  curves  obliquely  upwards. 

It  is  of  considerable  interest  to  prove  that,  in  some  plant  struc- 
tures, the  direction  of  growth  is  dependent,  owing  to  their  helio- 
tropic  peculiarities,  on  the  position  of  the  sun.  If  we  examine 
fiowering  specimens  of  Tragopogon  orientalis  growing  in  the  open, 
we  shall  find  that  the  flower  heads  are  only  open  in  the  morning. 
They  close  in  the  course  of  the  forenoon.  In  the  hours  of  the 
morning,  the  flower  heads  are  directed  towards  the  east ;  during 
the  day  they  follow  the  course  of  the  sun  towards  the  south  and 
on  to  the  west,  as  I  often  observed,  and  at  night  direct  themselves 
straight  upwards.  The  movement  of  the  heads  of  Tragopogon  is 
effected  by  the  stem  structure  supporting  them.  At  the  time  of 
blooming  this  is  in  a  state  of  intense  heliotix)pic  irritability,  and 
always  grows  more  rapidly  on  the  side  which  for  the  time  being 
is  shaded  than  on  that  turned  directly  towards  the  sun,  so  that 
the  movements  described  must  of  necessity  result.^ 

Radially  constructed  organs  are  very  generally  orthotropic ;  they 
grow  straight  upwards  or  downwards.  Plagiotropic  organs,  on 
the  other  hand,  are  usually  dorsi ventral. 
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We  cover  the  bobiom  of  a  large  zinc  box  with  moist  sand,  heap 
up  part  of  it  to  form  a  wall  against  one  of  the  sides  of  the  box, 
into  which  we  can  stick  the  lower  end  of  the  object  nnder  investi- 
gation, so  that  the  rest  of  it  does  not  tonch  the  sand  and  is 
directed  horizontally.  We  experiment  with  structures  which 
under  normal  conditions  clearly  exhibit  plagiotropism,  and  first 
select  for  examination  young  stems  of  Pyrus  Mains,  or  runners 
of  Potentilla  reptans  or  Ajuga  reptans.  Several  specimens  must 
always  be  taken,  as  like  one  another  as  possible,  and  about  15-20 
cm.  long.  After  their  leaves  have  been  removed,  they  are  placed  in 
the  zinc  box,  some  with  their  upper  side  uppermost,  others  with 
their  under  side  uppermost.  We  now  place  a  cover  on  the  box, 
and  leave  the  stems  in  the  dark  space  for  a  good  time  (e,g, 
twenty-four  hours).  We  then  find  that  all  of  them  have  curved 
upwards,  those  however  placed  with  their  lower  side  uppermost 
more  strongly  than  the  rest,  as  may  be  more  exactly  determined 
by  ascertaining  the  radius  of  curvature.  This  upward  curvature 
is  in  each  case  the  result  of  negative  geotropism,  but  when  the 
stems  are  in  the  normal  position  it  acts  in  opposition  to  epi- 
nasty,  while  the  stronger  curvature  in  the  reversed  stems  must 
be  regarded  as  the  resultant  effect  of  geotropism  and  epinasty 
acting  simultaneously  in  the  same  direction.  Epinasty,  i.e,  the 
more  vigorous  gn:^wth  of  the  upper  side  of  plant  structures,  is  to 
be  referred,  according  to  H.  de  Vries,  to  internal  growth  deter- 
minants, a  view  to  which  we  shall  return. 

The  flower-bearing  shoots  of  Atropa  Belladonna,  directed  under 
normal  conditions  horizontally,  are  remarkably  epinastic.  If  we 
cut  off  such  shoots,  place  them  in  water,  and  leave  them  in  the 
dark  for  say  twelve  hours,  we  shall  find  that  the  shoot  ends,  at 
the  commencement  of  the  experiment  vertical,  have  directed 
themselves  horizontally  (see  Fig.  171). 

I  have  also  examined  young  ends  of  plagiotropic  shoots  of 
Corylus  Avellana,  sticking  them  in  the  manner  already  described 
into  moist  sand  contained  in  a  zinc  box.  In  these  experiments, 
frequently  repeated  in  the  course  of  the  summer,  I  always 
found,  what  is  not  in  harmony  with  the  results  of  H.  de  Vries, 
that  shoots  deprived  of  leaves,  and  placed  upper  side  upwards, 
carved  downwards,  while  shoots  fixed  lower  side  upwards  curved 
strongly  upwards.  In  this  case,  therefore,  we  have  strong  epinasty 
and  weaker  geotropism  co-operating. 

According  to  my  experiments,  shoots  of  Corylus  humilis  placed 
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Fio.  171.— Bhoot  of  Atropa  Belladoniia, 
the  terminal  portion  of  which  has  carved 
epinaatically. 


in  the  box  in  their 
normal  position  curve 
upwards,  but  when  re- 
versed do  not  curve  at 
all.  According  to  H.  de 
Vries,  shoots  of  Prunus 
avium  behave  in  a  similar 
manner.  In  these  caseH 
the  direction  of  growth 
is  the  resultant  effect  of 
the  simultaneous  action 
of  geotropism  and  hypo- 
nasty,  i.e.  the  more 
active  growth  owing  to 
internal  causes  of  the 
under  side  of  the  shoot. 
We  will  now  make  experiments  with  leaf-stalks  and  midribs  of 
leaves  similar  to  those  we  have  conducted  with  shoots.  If,  e.g., 
we  experiment  with  growing  leaf-stalks  of  Calla  palustris  and 
Petasit-es,  with  the  main  leaf-stalks  of  the  pinnate  leaves  of  Sam- 
bucns  nigra  or  Juglans  regia  (always  without  the  lamina),  or  with 
midribs  of  Sambucus  leaves,  and  stick  them  with  their  ends  in 
the  sand  wall  of  the  zinc  box,  in  the  normal  position  or  reversed, 
we  shall  always  find  that  they  are  negatively  geotropic  and  more 
or  less  strongly  epinastic.  I  tested  especially  the  behaviour  of 
Calla,  and  of  the  midribs  of  Sambucus  leaves.  In  the  normal 
position  they  curved  downwards,  in  the  reversed  position  strongly 
upwards.  If  leaf-stalks  or  ribs  are  placed  horizontally  in  the  zinc 
box,  on  their  side,  their  median  plane  therefore  being  disposed 
horizontally,  then  negative  geotropism  must  strive  to  bring 
about  an  upward  curvature  in  a  vertical  plane,  while  epinasty 
tends  to  produce  a  curvature  in  a  horizontal  plane.  The  resul- 
tant curvature  actually  taking  place,  must  therefore  be  in  an 
oblique  plane. 
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If  growing  leaf-stalks,  some  of  them  deprived  of  their  laminaa 
the  rest  not,  are  placed  in  a  horizontal  position  in  the  zinc  box, 
care  being  taken  that  the  upper  side  of  the  organs  is  always 
ap wards,  then  the  stalks  provided  with  laminas,  if  their  epinastj 
is  not  too  great,  do  not  curve  at  all,  or,  at  any  rate,  curve  much 
more  feeblj  upwards  than  those  freed  from  their  lamineB.  Here, 
then,  circumstances  of  loading  have  influenced  the  result  of  the 
experiment.  Manj  further  particulars  respecting  these  phe- 
nomena, and  also  with  reference  to  the  determination  of  the 
amounts  of  growth  taking  place  in  connection  with  the  curvatures 
of  shoots  and  leaves,  will  be  found  in  a  valuable  memoir  of  H.  de 
Vries,  which  deals  with  the  subject.' 

It  has  already  been  mentioned  that  leaf-blades,  leaf-stalks,  and 
many  shoots,  have  the  power  of  g^*owing  more  energetically  on 
their  morphologically  upper  surface  than  on  their  lower  surface. 
This  epinastic  behaviour  of  these  organs  is  of  great  importance  in 
determining  their  normal  plagiotropic  orientation,  and  H.  de  Vries 
advocates  the  view  that  the  epinasty  is  the  result  of  internal 
growth  determinants.  I  have  been  led  to  other  results  by  investi- 
gations as  to  the  causes  of  epinasty  in  the  leaves  of  Phaseolus 
multiflorus  and  Cucurbita.^  We  grow  seedlings  of  Phaseolus  and 
Gucurbita  in  flower-pots  in  complete  darkness.  At  a  temperature 
of  about  20°  C,  the  hypocotyl  of  Gucurbita  develops  to  a  con- 
siderable length  in  about  ten  days;  the  cotyledons  are  directed 
sti*aight  upwards,  their  upper  surfaces  being  in  close  approxima- 
tion. In  about  fourteen  days  the  epicotyl  of  Phaseolus  has  grown 
to  a  considerable  length,  and  the  long-stalked  primordial  leaves 
present  a  shell-like  appearance  owing  to  hyponastic  growth,  i.e, 
stronger  growth  of  their  lower  than  their  upper  surface.  If  the 
seedlings  are  now  exposed  to  bright  diffuse  daylight,  the  primor- 
dial leaves  of  the  Phaseolus  seedlings  lose  their  shell-like  form, 
owing  to  epinastic  growth.  Similarly,  in  the  cotyledons  of  Gucur- 
bita, the  upper  side  now  gi-ows  more  actively,  so  that  they  pass 
from,  their  original  orthotropic  position  into  a  plagiotropic  one. 
But  it  needs  the  light  to  call  forth  the  energetic  growth  of  the 
upper  side  of  the  leaf ;  in  the  dark  it  does  not  take  place.  The 
epinasty  is  not  a  spontaneous  but  a  paratonic  nutation  phenome- 
non, and  in  future  we  shall  not  briefly  speak  of  epinasty,  but  of 
photoepinasty  of  the  leaves.  If,  after  keeping  them  in  the  dark 
till  they  have  reached  the  stage  of  development  above  described, 
we  bring  our  Phaseolus  or  Gucurbita  seedlings  into  diffuse  light 
P.P.  L  L 
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for  three  to  five  hoarg,  no  photoepinastic  movement  will  yet  have 
taken  place.  If,  however,  we  now  pat  them  hack  into  the  dark, 
the  leaves  spread  out  in  the  course  of  six  to  twelve  hours.  Here, 
then,  we  have  an  example  of  photoepinastic  after-effect. 

The  seedlings,  grown  in  the  dark  and  not  too  old,  always 
exhihit  photoepinastic  nutations  when  illuminated,  whether  the 
light  strikes  them  from  above  or  in  some  other  direction.  The 
leaves  strive  to  place  themselves  approximately  at  right  angles  to 
the  incident  rays  of  light,  and  in  experiments  with  Cucurbita  it 
is  easy  also  to  prove  the  fact  that  here — and  the  same  thing 
obtains  in  other  cases  also — one  organ  (viz.  the  hypoootyl)  exerts 
a  material  influence  on  the  final  orientation  towards  the  light  oi 
other  organs  (the  cotyledons).  The  intense  positive  heliotropism 
of  the  hypocotyl  plays  an  important  part  in  determining  the  light 
position  of  the  leaves,  when  the  seedlings  are  illuminated  only 
from  one  side. 

If  growing  leaves  are  brought  out  of  their  normal  position  as 
regards  the  light  into  an  abnormal  one,  they  endeavour  to  return 
to  their  former  position.     I  have  made  a  series  of  experiments  to 
prove  this,  and  it  will  be  instructive  to  repeat  them.     We  culti- 
vate a  few  plants  of  Cucurbita  in  flower-pots*     The  experiment's 
beg^n  when  the  plants  have  formed  several  leaves.     Some  of  the 
leaves  are  raised  so  that  the  petiole  is  vertical,  and  the  tip  of  the 
lamina  points  upwards.     The  leaves  are  bound  to  small  sticks, 
the  thread  being  brought  close  below  the  lamina  at  the  end  of 
the  petiole.     If   we  arrange   the  plants   so  that  with  unilateral 
illumination  the  under  sides  of  the  leaves  are  directed  towards  the 
light,  then  the  leaf-blades,  owing  to  photoepinastic  movements, 
will  speedily  assume  a  normal  inclination  to  the  light.     If,  with 
unilateral  illumination,  we  arrange  a  flower-pot,  in  which  plants 
of  Cucurbita  are  growing,  in  such  a  way  that  the  free  leaf-stalks, 
as  also  the  lamines  with  their  under  sides  directed  towards  the 
light,  are  vertical,  then  heliotropic  and  photoepinastic  movements 
take  place,  and  the  organs  I'eturn  to  the  normal  light  position.     If 
we  take  into  the  dark  plants  of  Cucurbita  which  have  developed 
under  normal  conditions,  taking  care  that  some  of   their  leaves 
(stalk  and  blade)  are  vertical,  the  blades  perform  photoepinastic 
after-effect  movements  until  they  reach  a  horizontal  position. 

It  is  of  special  interest  in  connection  with  questions  relating  to 
the  natural  orientation  of  plant  structures,  and  their  anisotropy, 
to  make  a  few  observations  and  experiments  on  the  gi'owth  of  the 
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shoots  of  Hedera  Helix.  The  shoots  of  the  ivy  are  markedly 
dorsiventral  and  plagiotropic,  with  the  exception  of  the  flower 
shoots,  which  are  not  developed  until  the  plants  have  attained  a 
considerable  age,  and  which  are  ortho tropic.  If  free-swinging 
ivy  shoots,  aboat  30  cm.  in  length,  are  cat  ofF  and  planted  in 
flower-pots,  and  after  six  to  eight  weeks,  when  they  are  well 
rooted,  are  bound  to  a  vertical  stick,  we  can,  under  suitable  con- 
ditions, observe  intei*esting  phenomena  at  the  summit  of  the  shoot 
pit>jecting  beyond  the  end  of  the  rod. 

In  August  I  placed  Ivy  plants,  obtained  as  above,  in  front  of 
a  window  with  a  north  aspect,  and  found  that  the  shoot  ends 
speedily  turned  away  from  the  window.  They  grew  horizontally 
inwards  into  the  room,  and  after  four  weeks  presented  the  appear- 
ance depicted  in  Fig.  172.  The  shoots  performed  negatively  lielio- 
tropic  and  photoepinastic  curvatures  (as  to  the  modus  operavdis 
however,  farther  investigations  are  necessary).  The  illuminated 
side  of  the  shoot  was  consequently  forced  to  become  convex  and 
bring  the  shoot  ends  into  a  horizontal  position.  This  having  been 
effected,  they  did  not  carve  still  farther  downwards,  since  now 
negative  geotropism  (the  geotropic  properties  of  ivy  shoots  have 
been  specially  investigated  by  Sachs)  was  able  to  assert  itself  very 
energetically.  It  appears,  therefore,  that  the  horizontal  position 
of  ivy  shoots  is  the  resultant  of  the  directive  influence  of  light  on 
the  one  hand,  and  gravity  on  the  other  (?).  The  same  factors 
also  determine  the  direction  assumed  by  the  shoots  of  ivy  plants 
growing  in  natare. 

In  the  preceding  pages  we  merely  discussed  in  the  first  place 
certain  properties  of  leaf  structures  and  many  shoots.  We  have 
now  sought  to  explain  the  normal  position  of  leaves  and  shoots  by 
reference  to  these  properties.  We  conceived  the  normal  position 
of  the  organs  as  broaght  about  by  the  co-operation  of  various 
forces.  Thus  the  usual  orientation  of  leaf-blades,  e.g.,  will  be 
essentially  due  to  the  co-operation  of  their  photoepinasty  on  the 
one  hand  and  their  negative  geotropism  on  the  other. 

It  is,  in  fact,  certain  that  the  normal  position  of  leaf-stalks,  and 
also  certainly  of  many  shoots,  can  be  explained  in  the  manner 
indicated.  But  it  is  precisely  as  I'egards  the  leaf-blades  that  the 
method  is  unsatisfactory.  Vochting,  Schwendener,  and  others 
have  shown  that  neither  geotropic  movements  of  the  lamince,  nor 
conditions  of  loading,  need  directly  and  of  necessity  be  concerned 
in  bringing  about  their  fixed  light  position.     On  the  contrary, 
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admit.*  The 
Tuoveraenta  executed  by  the  laminn  in 
order  to  reach  the  most  favonrable  light 
position  (this  is,  in  general,  one  in  which 
thej  Btaod  at  right  angles  to  the  in- 
cident rays  of  light)  Eollow  the  ahortest 
and  easiest  course.  These  movements, 
indnced  by  the  light,  are,  however,  very 
various  in  nature  (photoepin antic  nnts- 
tions,  torsions),  and  dependent  on  the 
original  position  of  the  leaves  themselves. 
Geotropism,  as  will  he  shown,  need  play 
no  rdle  in  bringing  about  the  movement 
of  orientation  of  the  I eii,f- blades.  Their 
geotropic  imtability,  which,  as  we  have 
learned  from  precedinp;  experiments, 
certainly  exists  nnder  certain  circum- 
stances (in  the  dark),  miiy  perhajts  even 
be  inhibited  by  the  action  of  light. 

That  pho  toe  pi  nasty  is  concerned  in 
bnngiug  aboDt  the  normal  Hgbt  position 
of  the  leaf.blades,  is  already  clear  from 
tho  preceding- espei'imfnta  with  Phase- 
oluB  and  Cncurbita  plants.  It  canHefl, 
e.g.,  the  nnfolding,  on  access  of  light, 
of  leaves  which  in  many  plants  are  in 
the  dark  coiled  shell-fashion. 
Seedlings  of  Cncnrhita  which  have  been  grown  in  the  dark  till 
their  bypocotyl  has  attained  a  fair  length,  and  the  cotyledons  are 
erect,  are  placed  in  a  box  fairly  high  at  the  back  bnt  low  in 
front,  so  that  the  cover,  which  is  formed  by  a  sheet  of  glass,  may 
be  inclined  at  an  angle  of  about  45°.  The  box  is  papered  inside 
with  dull  black  paper.     To  prevent  heliotropic  natations,  the  hypo- 
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cotjls  are  bound  to  rods  standing  ia  the  soil  of  the  flower-pots. 
The  seedlings  are  now  arrauged  so  as  to  present  the  broad  faces 
of  the  cotyledons  towards  the  window  in  front  of  which  the  bos  is 
placed.  Aft«r  a  time  it  will  be  found  that  both  cotyledons  have 
placed  themselves  perpendicalar  to  the  incident  rays  of  light.  The 
front  one  must  in  so  doing  have  described  an  arc  of  135°  down- 
wards, the  bact  one  an  arc  of  45°  backwards.  If  we  wished 
to  explain  these  movements  as  due  to  the  action  of  gravity  (and 
other  forces)  we  shonid  have  to  make  the  at  least  nuwarrantable 
assumption  that  the  geotropio  irritability  of  the  two  cotyledons 
of  a  plant  is  different.  The  following  experiments,  however, 
serve  well  to  prove  that  the  light  position  of  the  leaf-blades  can 
be  brought  abont  solely  by  the  action  of  light. 

We  grow  seedlings  of  Phaseolus  in  flower-pots.  They  are  ready 
for  use  when  the  primordial  leaves  have  unfolded,  but  are  still  in 
very  vigorous  growth.  If  we  illuminate  the  plants  from  above, 
then  the  leaves  take  the  position  indicated  in  Fig.  173.  If  now 
we  make  the  light  fall  not  vertically  from  above,  but  horizontally, 
and  nearly  vertical  to  the  plane  of  insertion  of  the  leaves,  a  torsion 
of  abont  ^°  is  effected  by  the  pnlvini  of  leaf-stalk  and  blade,  and 
the  blades  then  stand 

once  more  at  right  f^.  its. 

angles  to  the  inci- 
dent rays  of  light 
(see  Fig.  175).  Now 
plants  with  the 
leaves  in  the  posi- 
tion represented  in 
173  are  slowly 
rotated  in  such  a 
way  that  their  shoot 
axes  move  in  a  ver- 
tical plane,  while 
the  light  falls  fairly 
vertically  to  the 
plane  of  insertion 
of  the  leaves.  The 
efEect  of  gravity  is 
eliminated,  and  the 
epinasty  of  the  pul- 
vini  of  the  leaf-stalk  i^^° 
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and  blade,  thus  left  unhampered,  at  first  causes  the  leaves  to 
assame  the  position  indicat'Od  in  Fig.  174.  After  a  short  time, 
however,  in  the  pulvinus  of  the  blade,  and  possibly  also  in  the 
leaf -stalk,  there  appears  a  curvature  (not  a  torsion)  whereby 
the  lamina  is  directed  obliquely  frontwards  to  the  light  (see 
Fig.  17t)).  We  see,  therefore,  that  the  leaves,  even  in  complete 
absence  of  gravitational  influence,  can  come  to  a  fixed  light 
position.  And  in  doing  so,  as  is  specially  to  be  emphasised,  no 
torsions  are  effected.  Under  other  circumstances,  however,  as  we 
have  seen,  torsions  play  an  important  rdle  in  connection  with  the 
movements  of  orientation  of  leaves. 


^  See  Sfcahl,  Berichte  d.  DeuUehen  botan.  OeselUch.,  Bd.  2,  H.  8. 

>  See  Wiesner,  Denktch.  d.  Akad.  d.  Witt,  in  Wien,  Bd  43. 

B  See  H.  de  Vries,  Arheiten  d.  botan.  Intt.  in  Wiirzburg,  Bd.  1,  p.  223. 

*  See  Betmer,  Botan.  Zeitung,  1882,  No.  46. 

*  Literature:  Frank,  Die  natUrliche  wagerechte  Stellutig  der  PflanzentheiU, 
Leipzig,  1870 ;  C.  Darwin.  The  Power  of  Movement  in  Plantt ;  F.  Darwio,  J, 
Linn,  5oe.,  Botany,  Vol.  18  (De'i.,  1880) ;  Schmidt,  Bitter tation,  Berlin,  1883 ; 
Noll,  Arbeitend.  botan,  Intt,  in  Wiirtburg^  Bd.  8 ;  Krabbe,  Pringfiheim'a  Jakrb., 
Bd.  20;  Yoohtinff,  Botan,  Zeitung,  1888;  Noll,  Ueber  heterogene  Induction, 
Leipzig,  1892 ;  Schwendener  and  Erabbe,  Abhandl.  d.  Konigl.  preutt.  A  kad.  d. 
Witt.,  Berlin,  1892 ;  Noll,  Die  Orientiruiigtbewegungen  dortiventraler  Organe, 
Miinchen,  1892. 


195.  General  Considerations  Respecting   the  Rigidity   of  Plant 

Stmctnres. 

Plants,  like  animals,  need  special  contrivances  to  enable  them 
to  withstand  certain  external  influences  and  maintain  their  form. 
In  many  cases  turgid ity  and  tissue  tensions  play  an  important 
part  as  a  means  of  strengthening  the  organism,  but  Schwendener^s 
researches  ^  have  further  proved  that  plants  are  characterised  by 
a  more  or  less  connected  mechanical  system  (stereome),  which 
performs  functions  quite  similar  in  many  respects  to  those  of  the 
bony  skeleton  of  higher  animals. 

As  the  ultimate  organs  (stereides)  of  the  mechanical  system^  we 
have  especially  to  take  into  consideration  the  sclerenchyma  fibres 
in  the  ground  tissue,  the  true  bast  fibres,  the  collenchyma,  and  the 
libriform  fibres.  The  sclerenchyma  cells  and  the  true  bast  fibres 
are  elongated  elements,  whose  membranes,  frequently  lignified, 
are  much  thickened  (see  Fig.  177).     Like  these  in  many  respects 
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are  the  libriform  fibres  of  the  wood,  whose  strongly  thickened 
walls  are  freqaeotly  provided  with  slit-like  pits.  The  secondary 
wood  of  Tilia,  for  example,  is  very  rich  in  libriform  fibres. 
Finally,  in  many  yonng  strnctnres,  still  in  a  state  of  growth,  the 
collenchyma  is  to  be  i-egiarded  as  mecha-nical  tissue.  It  ia  easily 
recognised  by  the  characteristic  thickening  of  its  membranes, 
which  ia  for  the  most  part  confined  to  the  angles  of  the  cells  (see 
Fig.  178). 

The  mere  presence  of  atereidea,  however,  is  by  no  means  suffi- 
cient to  ensure  the  rigidity  of  organs  with  reference  to  flexion, 
tension,  and  presaare ;  the  atereides  must  at  the  same  time  have 
a  very  definite  arrangement  in  the  rest  of  the  tissue. 

To  establish  constructions  resistant  all  roand  to  flexion  (especi- 


ally stems),  it  is  nnfficient  if  the  mechanical  elements  are  arranged 
in  a  circle  at  the  periphery  of  the  cross  section.  The  packing 
between  the  bands  ia  composed  of  parenchyma  and  other  tissue. 
In  many  oigans,  especially  in  leaves,  which  do  not  need  to  be 
made  resistant  on  all  sides  to  flexion,  the  mechanical  tissne  is  only 
distributed  on  the  upper  and  lower  sides.  Constructions  reaiatant 
to  tension  are  aeoured  by  having  the  mechanical  elementa  arranged 
in  the  organs  not  peripherally  bnt,  on  the  contrary,  centrally, 
and  in  a  single  compact  mass  (roots,  rhizomes).  For  construc- 
tions resistant  to  pressure  it  is  not  a  matter  of  indiSerence 
whether  they  are  exposed  to  longitudinal  or  radial  pressure. 
Roots  and  rhizomes  developing  in  the  soil  are  exposed  to  a  radial 
pressure,  in  addition  to  a  considerable  tension;  they  are  hence 
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Fio.  lTe.~AppumtaB  tor  dsMrminlng  Ihe  eilsnslbltitr,  eluticltj,  ind  rieidltj  et  plut 


frequently  provided  witli  a  peripheral  mantle  of  mechanical  tissoe, 
besides  other  stereome. 
In  order  to  discasB  ■propeT\'3  ft\e  ft&cve^a^  ol  XJaa  tueohaaical 
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tissnes  in  the  plant  organism,  it  is  of  importance  to  make  ourselves 
somewhat  accurately  acquainted  with  the  rigidity,  tenacity,  and 
elasticity  of  the  stereome;  this  can  be  done  by  means  of  the 
apparatus  depicted  in  Fig.  179,  which  I  have  recently  had  made. 
It  is  throughout  very  solid  in  construction.  It  consists  of  a 
board  B,  on  which  are  fixed  the  two  wooden  uprights  H  and 
ff,  about  86  cm.  in  height,  and  14  cm.  apart.  The  structure  to 
be  investigated,  about  300-400  mm.  long,  is  clamped  above  be- 
tween the  blocks  of  wood  a,  6,  and  below  between  the  blocks 
c,  (2,  by  tightening  the  thumb-screws  8ch  and  Sch!.  The  scale 
pan  SI,  suspended  from  c  and  d,  takes  the  weight  employed  to 
stretch  or  rupture  the  object  under  examination.  To  the  hook 
Hk  on  the  block  c  is  attached  a  silk  thread  F,  which  is  taken 
through  a  perforation  running  between  the  blocks  a  and  h,  and 
bisected  by  their  surface  of  contact,  over  the  lightly  running 
pulley  22,  and  back  through  a  perforation  in  a.  At  its  end  the 
thread  F  carries  the  weight  g  to  keep  it  taut.  The  pulley  B 
carries  the  pointer  Z,  whose  length  is  ten  times  the  radius  of  the 
pulley.  The  pointer  moves  over  a  scale  Or,  which  is  divided  into 
millimetres.  The  extension  of  the  structure  under  examination 
is  therefore  read  off  on  the  scale  with  tenfold  magnification.  In 
using  the  apparatus,  blocks  of  wood  must  be  placed  below  the 
scale  pan,  so  that  the  fall  will  only  be  slight  if  the  structure  is 
ruptured. 

We  may  first  suitably  employ  for  examination,  as  I  have  done, 
a  strip  say  400  mm.  in  length  and  2  mm.  in  breadth  from  the 
middle  part  of  the  leaf  of  Phormium  tenax.  Also  long  intemodes 
from  rye  haulms  are  suitable.  We  do  not,  however,  put  entire 
internodes  into  the  apparatus,  but  strips  obtained  by  splitting 
them  longitudinally  into  four  parts. 

Such  a  strip  having  been  put  into  the  apparatus,  we  stretch 
with  a  load  of  1  kg.,  determine  the  elongation  produced,  and  re- 
move the  weight  again.  If  the  structure  now  recovers  its  original 
length,  its  limit  of  elasticity  has  not  been  overstepped.  We  now 
repeat  the  experiment  with  a  load  of  2*3-10  kg.,  till  finally,  at  a 
certain  load,  the  strip  gives  way.  If  we  are  experimenting  with 
strips  of  tissue,  which,  like  those  from  the  leaf  of  Phormium,  have 
bast  fibres  or  sclerenchyma  as  mechanical  tissue,  we  shall  find 
that,  even  with  a  large  load,  they  remain  almost  completely 
elastic,  while  collenchymatous  structures,  although  they  may  have 
a  considerable  amount  of  rigidity,  are   onVj  n^t-j   vwiwsv^^^i^'^ 
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they  play  the  part  of  mechanical  tissae.  la  the  haalm  of 
Molinia  coeralea  a  closed  ring  of  mechanical  tissue  is  present, 
which  is  further  strengthened  by  subepidermal  ribs.  The  vas- 
calar  bundles  are  partly  imbedded  in  this  ring  and  partly  sur- 
rounded by  it.     The  haulm  of  the  rye  is  similar  in  construction. 

It  is  also  of  interest  to  make  ourselves  acquainted  with  the 
mechanical  tissae  of  the  leaf  sheaths  of  grasses.  These  tubular 
sheaths  embrace  the  stem  part  of  the  haulm,  and  their  special 
function  is  to  shelter  the  delicate  growing  regions  of  the  stem, 
which,  as  is  well  known,  are  situated  in  grasses  at  the  base  of  the 
internode.  We  prepare  delicate  transverse  sections  from  the  part 
of  a  rye  haulm  lying  immediately  above  a  young  node.  Below 
the  epidermis  of  the  inner  side  of  the  leaf  sheath  we  perceive  a 
tissue  free  from  chlorophyll,  but  under  the  epidermis  of  the 
outer  side,  chlorophyll-containing  tissue.  The  vascular  bundles 
are  readily  recognised ;  they  are  provided  both  inside  and  outside 
with  a  well-developed  layer  of  bast  fibres. 

If  we  wish  to  acquaint  ourselves  with  the  arrangement  of  the 
mechanical  tissue  in  structures  not  resistant  on  all  sides  to  flexion, 
we  prepare,  e.g.^  transverse  sections  of  the  leaf  of  Phormium  tenax 
and  through  the  mid-rib  of  a  fully  developed  leaf  of  Zea  Mais. 
The  structure  of  the  Phormium  leaf  is  not  quite  the  same  above 
and  below,  but  at  all  events  the  stereome  bundles  covering  the 
vascular  bundles  on  the  under  and  lower  sides  of  the  leaf  at  once 
strike  the  eye.  In  Zea  subepidermal  masses  of  sclerenchyma  are 
present  on  the  upper  side  of  the  leaf ;  the  mechanical  tissue  of  the 
under  side  of  the  leaf  stands  in  exact  relation  to  the  grouping  of 
the  large  vascular  bundles. 

As  we  have  already  remarked,  rhizomes  and  roots,  more  especi- 
ally, are  constructed  to  resist  tension  and  pressure.  We  prepare 
a  transverse  section  through  the  rhizome  of  Carex  glauca.  The 
peripheral  ring  of  sclerenchyma,  not,  it  is  true,  very  well  de- 
veloped, serves  as  protection  against  radial  pressure.  The  central 
cylinder  of  wood,  consisting  of  thick-walled  elements,  and  in 
which  most  of  the  vascular  bundles  are  scattered  (a  few  bundles 
also  lie  outside  this  cylinder),  serves  to  secure  resistance  to 
tension.  We  find  an  entirely  similar  arrangement  of  the  me- 
chanical tissue  on  investigation  of  the  transverse  section  of  lateral 
roots  of  the  first  order  of  Zea  Mais.  The  peripheral  ring  of 
sclerenchyma  is  here,  however,  developed  much  more  highly  than 
in  the  rhizome  of  Carex.^ 
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It  may  farther  be  remarked  that  on  treatment  of  the  sections 
with  phloroglacin  and  Hydrochloric  acid,  the  sclerenchyma  and 
bast  fibres  of  the  mechanical  tissue,  in  all  cases  which  I  examined, 
stained  red  (see  42),  and  must  therefore  have  been  lignified. 


^  See  also  the  memoirs  cited  at  the  end  of  195,  and  especially  Schwendener*s 
work. 


197.  Correlation. 

The  g^wth  of  one  part  of  a  plant  frequently  exerts  a  certain 
influence  on  that  of  another  part  of  the  same  individual.  We  have 
in  recent  times  begun  to  devote  special  attention  to  the  facts  re- 
lating to  correlation  in  the  vegetable  kingdom,  and  we  will  now 
acquaint  ourselves  with  some  of  these  facts. 

If  we  deprive  young  fir  plants  (Abies  excelsa)  of  their  apical 
shoot,  it  will  be  found  that,  in  the  course  of  one  to  three  years, 
one  or  more  of  the  horizonal  lateral  shoots  of  the  uppermost 
whorl  elevate  themselves.  One  of  these  generally  obtains  the 
upper  hand;  it  then  completely  replaces  the  terminal  shoot 
removed.  This  is  seen  not  only  in  its  orthotropism,  but  also  in  the 
airangement  of  its  branches.  A  horizontal  lateral  shoot  of  the  fir 
branches  chiefly  in  a  horizontal  dii*ection,  right  and  left,  while  a 
normal  terminal  shoot  or  one  of  these  substituted  lateral  shoots 
forms  four-  or  five-rayed  whorls  of  branches.  In  the  experiments 
which  I  made  to  acquaint  myself  with  the  phenomena  of  correla- 
tion here  under  consideration,  I  used  fir  plants  growing  in  the 
woods,  about  the  height  of  a  man.^ 

If  we  place  potatoes  in  a  dark  place  with  their  morphological 
base  downwards  (the  tubers  need  not  be  laid  in  soil,  and  we  need 
not  even  supply  them  with  water),  we  shall  find  that  after  a 
shorter  or  longer  time  scarcely  any  buds  sprout  except  those 
situated  near  the  morphological  apex.  If,  however,  in  some  of 
the  potatoes  we  now  remove  the  shoots  developing  at  their  apex 
as  they  appear,  it  is  seen  that  this  operation  induces  the  de- 
velopment of  more  basally  situated  buds,  which  would  not  have 
developed,  or  only  to  a  slight  extent,  if  we  had  not  broken  off  the 
shoots  appearing  at  the  apex. 

A  farther  instance  of  correlation  can  easily  be  demonstrated  in 
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seedlings  of  Phaseolas  multiflorus.  If  we  grow  these  in  loose 
garden  soil,  and  cut  ofE  the  epicotyl,.ju8t  above  the  soil,  when  it 
has  reached  a  length  of  a  few  cm.,  the  bnds  present  in  the  axils  of 
the  cotyledons  develop  into  shoots,  in  place  of  the  organ  removed, 
and  soon  appear  above-gronnd. 

It  is  a  well-known  fact  that  the  stalks  of  the  flower  bads  in 
almost  all  species  of  the  genns  Papaver,  at  a  certain  stage  of 
development,  curve  downwai-ds,  and  this,  as  far  as  is  known, 
depends  on  correlation.  The  bud,  in  organic  connection  with  its 
stalk,  exerts  on  it  a  certain  influence,  which  causes  it  to  curve 
strongly  and  bend  downwards.  Proof  of  this  is  afforded  by  the 
following  experiment,  first  performed  by  Yochting,*  and  which  I 
repeated  with  good  results  nsing  a  poppy  plant  growing  in  the 
open.  We  cut  a  number  of  buds  from  their  stalks,  lay  some  of 
them  aside,  and  fasten  others  to  their  stalks  again  by  means  of  fine 
silk.  The  curvature  of  the  stalks  always  disappears  after  a  time, 
and  onr  experiment  teaches  that  its  occarrence  is  by  no  means 
the  result  simply  of  the  weight  of  the  bad,  but  depends  on  corre- 
lation. 

It  is  highly  instructive,  in  connection  with  our  present  subject 
to  pay  particular  attention  to  the  pecnliarities  and  behaviour  of  the 
bud  scales  of  different  plants.'  In  Aesculns  and  Pavia,  the  outer 
scales  of  the  winter  buds  are  brown  and  membranous.  Then  come 
succulent,  green,  very  large  scales,  and  finally  the  foliage  leaves. 
Investigation  of  the  history  of  development  teaches  that  all  the  bud 
scales  are  merely  foliage  leaves  arrested  at  an  early  stage  of  de- 
velopment, and  the  following  experiment  leads  to  the  same  result. 
If,  just  after  the  winter  buds  have  sprouted,  we  cut  off  the  tips  of 
Aescalas  or  Pavia  shoots,  and,  without  removing  the  shoots  from 
the  parent  plant,  strip  off  their  leaves,  then  in  the  course  of  the 
summer  the  buds  lying  in  the  axils  of  the  leaves  develop  into 
foliage  shoots,  whereas  normally,  they  woald  become  winter  buds. 
The  notable  point  about  this  case  of  correlation  lies,  however,  in 
the  fact  that  these  shoots  produce  no  bud  scales,  but  only  (at  least, 
so  I  observed  in  my  experiments)  forms  intermediate  between  scale 
leaves  and  foliage  leaves,  together  with  foliage  leaves.  The  lower 
leaves  of  the  shoot  have  small  but  still  segmented  laminae,  and 
these  are  seated  on  a  green  scale-like  leaf  structure,  while  the 
leaves  at  a  higher  level  have  the  form  of  normal  foliage  leaves. 
There  is  thus  in  Aesculus  and  Pavia,  as  also  in  other  plants,  a  very 
well  marked  correlatioiL  VietNveeii  \i\i^  ^T^%«wi^  at  ^b^euce  of  the 
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apex  and  leaves   on  tbe  one  hand,  and  the  way  in   which  the 
development  of  the  buds  proceeds,  on  the  other. 


^  See  Saohs,  Lectures  on  Plant  Physiology. 

"  See  Vochting,  Die  Bewegungen  der  BlUthen  und  Friichte,  Bonn,  1882. 

»  See  Gobel.  Botan.  Zeitung,  1880,  pp.  771  and  807. 


V.     MOVEMENTS  OF  VARIATION. 

198.    Experiments  with  Acacia  lophanta. 

Movements  of  variation,  for  the  most  part  effected  bj  means  of 
special  pulvini,  are  characteristic  of  many  plant  stractures.  They 
are  due  partly  to  internal  causes,  partly  to  the  influence  of  external 
conditions  (variations  in  illumination,  shocks,  etc.),  but  all  these 
conditions  merely  induce,  as  we  shall  see  further  on,  changes  of 
turgor-expansion  in  the  cells  of  the  tissue  complexes  from  which 
the  movements  proceed,  and  this  is  of  special  importance.  The 
following  experiments,  firstly  with  Acacia  lophanta,  will  make  us 
accurately  acquainted  with  these  remarkable  movements. 

The  leaflets  of  the  compound  leaves  of  Acacia  lophanta,  a  plant 
which  can  be  raised  in  flower-pots  from  seed,  are  expanded  hori- 
zontally, when  the  plant  is  exposed  to  bright  diffuse  daylight.  In 
the  evening  the  leaflets  lay  themselves  together  in  an  upward 
direction,  spreading  out  again  on  the  following  day,  under  the  in- 
fluence of  the  stimulus  of  light.  We  can,  however,  compel  the 
leaflets  to  assume  the  night- position  even  during  the  day,  if  we 
take  the  plants  into  a  dark  place.  After  the  lapse  of  from  half  an 
hour  to  an  hour  the  leaflets  have  laid  themselves  together,  but 
they  expand  again  if  the  plants  are  anew  exposed  to  diffuse  light. 
The  movements  of  the  Acacia  leaflets  are  the  result  of  the  change 
in  the  condition  of  illumination,  for  they  are  also  exhibited,  as  can 
easily  be  determined,  if  the  temperature  remains  constant  while 
the  observations  are  being  conducted. 

I  was  able  to  determine  that  the  leaflets  of  Acacia  lophanta  also 
took  up  a  position  similar  to  the  darkness  position  when  the  plants 
were  exposed  to  direct  sunlight.  An  Acacia  with  expanded  leaves 
was  placed  in  direct  sunlight  under  a  bell-glass.  The  leaflets  at 
once  laid  themselves  together ;  they  again  spread  out  horizontally, 
when  the  plant,  without  the  removal  of  the  bell-glass,  was  exposed 
to  bright  diffused  daylight. 
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seedlings  of  Phaseolas  multiflorns.  If  we  grow  these  in  loose 
garden  soil,  and  cut  off  the  epicoty],.just  above  the  soil,  when  it 
has  reached  a  length  of  a  few  cm.,  the  buds  present  in  the  axils  of 
the  cotyledons  develop  into  shoots,  in  place  of  the  organ  removed, 
and  soon  appear  above-gronnd. 

It  is  a  well-known  fact  that  the  stalks  of  the  flower  buds  in 
almost  all  species  of  the  genus  Papaver,  at  a  certain  stage  of 
development,  curve  downwai-ds,  and  this,  as  far  as  is  known, 
depends  on  correlation.  The  bud,  in  organic  connection  with  its 
stalk,  exerts  on  it  a  certain  influence,  which  causes  it  to  curve 
strongly  and  bend  downwards.  Proof  of  this  is  afforded  by  the 
following  experiment,  first  performed  by  Vochting,*  and  which  I 
repeated  with  good  results  using  a  poppy  plant  growing  in  the 
open.  We.  cut  a  number  of  buds  from  their  stalks,  lay  some  of 
them  aside,  and  fasten  others  to  their  stalks  again  by  means  of  fine 
silk.  The  curvature  of  the  stalks  always  disappears  after  a  time, 
and  onr  experiment  teaches  that  its  occarrence  is  by  no  meana 
the  result  simply  of  the  weight  of  the  bad,  but  depends  on  corre- 
lation. 

It  is  highly  instructive,  in  connection  with  our  present  subject 
to  pay  particular  attention  to  the  peculiarities  and  behaviour  of  the 
bud  scales  of  different  plants.'  In  Aesculus  and  Pavia,  the  outer 
scales  of  the  winter  buds  are  brown  and  membranous.  Then  come 
succulent,  green,  very  large  scales,  and  finally  the  foliage  leaves. 
Investigation  of  the  history  of  development  teaches  that  all  the  bud 
scales  are  merely  foliage  leaves  arrested  at  an  early  stage  of  de- 
velopment, and  the  following  experiment  leads  to  the  same  result. 
If,  just  after  the  winter  buds  have  sprouted,  we  cut  off  the  tips  of 
Aesculus  or  Pavia  shoots,  and,  without  removing  the  shoots  from 
the  parent  plant,  strip  off  their  leaves,  then  in  the  course  of  the 
summer  the  buds  lying  in  the  axils  of  the  leaves  develop  into 
foliage  shoots,  whereas  normally,  they  would  become  winter  buds. 
The  notable  point  about  this  case  of  correlation  lies,  however,  in 
the  fact  that  these  shoots  produce  no  bud  scales,  but  only  (at  least, 
so  I  observed  in  my  experiments)  forms  intermediate  between  scale 
leaves  and  foliage  leaves,  together  with  foliage  leaves.  The  lower 
leaves  of  the  shoot  have  small  but  still  segmented  laminss,  and 
these  are  seated  on  a  green  scale-like  leaf  structure,  while  the 
leaves  at  a  higher  level  have  the  form  of  normal  foliage  leaves. 
There  is  thus  in  Aesculus  and  Pavia,  as  also  in  other  plants,  a  very 
well  marked  correlation  \)etweeii  V\v^  ^x^^^wi^  or  absence  of  the 
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apex  and  leaves  on  the  one  hand,  and  the  way  in   which  the 
development  of  the  buds  proceeds,  on  the  other. 


*  See  SachB,  LectureB  on  Plant  Physiology. 

"  See  Vochting,  Die  Bewegungen  der  Bluthen  und  Friichte,  Bonn,  1882. 

•  See  Gobel,  Botan.  Zeitung,  1880,  pp.  771  and  807. 


V.     MOVEMENTS  OF  VARIATION. 

198.    Experiments  with  Acacia  lophanta. 

Movements  of  variation,  for  the  most  part  effected  bj  means  of 
special  pulvini,  are  characteristic  of  many  plant  stractures.  They 
are  due  partly  to  internal  caases,  partly  to  the  inflaence  of  external 
conditions  (variations  in  illumination,  shocks,  etc.),  but  all  these 
conditions  merely  induce,  as  we  shall  see  further  on,  changes  of 
turgor-expansion  in  the  cells  of  the  tissue  complexes  from  which 
the  movements  proceed,  and  this  is  of  special  importance.  The 
following  experiments,  firstly  with  Acacia  lophanta,  will  make  us 
accurately  acquainted  with  these  remarkable  movements. 

The  leaflets  of  the  compound  leaves  of  Acacia  lophanta,  a  plant 
which  can  be  raised  in  flower-pots  from  seed,  are  expanded  hori- 
zontally, when  the  plant  is  exposed  to  bright  diffuse  daylight.  In 
the  evening  the  leaflets  lay  themselves  together  in  an  upward 
direction,  spreading  out  again  on  the  following  day,  under  the  in- 
fluence  of  the  stimulus  of  light.  We  can,  however,  compel  the 
leaflets  to  assume  the  night- position  even  during  the  day,  if  we 
take  the  plants  into  a  dark  place.  After  the  lapse  of  from  half  an 
hour  to  an  hour  the  leaflets  have  laid  themselves  together,  but 
they  expand  again  if  the  plants  are  anew  exposed  to  diffuse  light. 
The  movements  of  the  Acacia  leaflets  are  the  result  of  the  change 
in  the  condition  of  illumination,  for  they  are  also  exhibited,  as  can 
easily  be  determined,  if  the  temperature  remains  constant  while 
the  observations  are  being  conducted. 

I  was  able  to  determine  that  the  leaflets  of  Acacia  lophanta  also 
took  up  a  position  similar  to  the  darkness  position  when  the  plants 
were  exposed  to  direct  sunlight.  An  Acacia  with  expanded  leaves 
was  placed  in  direct  sunlight  under  a  bell-glass.  The  leaflets  at 
once  laid  themselves  together ;  they  again  spread  out  horizontally, 
when  the  plant,  without  the  removal  of  the  bell-glass,  was  exposed 
to  bright  diffused  daylight. 
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It  is  a  very  iuteresting  facfc  that  plants  of  Acacia  lophanta  which 
have  been  exposed  to  normal  conditions  of  iliamination,  and  are 
then  completely  removed  from  the  action  of  the  light  by  being 
placed  in  a  perfectly  dark  place  {e.g.  a  cupboard),  nevertheless  con- 
tinue to  execute  the  periodical  movements  of  the  leaves  induced 
under  normal  conditions  by  the  daily  recurring  alternation  of  light 
and  darkness.  A  particularly  vigorous  plant  of  Acacia  lophanta 
growing  in  a  small  flower-pot,  and  kept  in  constant  darkness  for 
four  days,  expanded  its  leaflets  in  the  daytime,  and  laid  them 
together  at  night ;  the  amplitude  of  the  movement,  it  is  true, 
gradually  diminished,  and  at  the  end  of  four  days  the  after-efEect 
movement  completely  ceased;  the  leaflets  had  become  darkness- 
rigid,  and  the  leaflets  of  the  older  leaves  were  now  horizontal  in 
position,  while  those  of  the  younger  leaves  were  more  or  less  up- 
wardly directed.  When  the  plant  was  again  exposed  to  normal 
conditions  of  illumination,  the  leaflets  again  became  phototonic, 
t.e.  they  reacted  anew  to  the  alternation  of  day  and  night. 

If  we  wish  to  study  accurately  the  periodic  after-effect  move- 
ments executed  by^  leaflets  of  Acacia  plants  which  have  first  been 
exposed  to  normal  conditions  of  environment,  and  then  kept  in 
constant  darkness,  we  proceed  thus,  following  Pfeffer.  We  cut 
out  of  stiff  paper  a  number  of  triangles  of  different  but  known  size 
of  angle.  It  is  sufficient  if  successive  triangles  differ  from  each 
other  by  an  angle  of  say  ten  degrees.  The  triangles  are  held 
between  the  leaflets  in  order  to  determine  their  inclination  towards 
each  other,  and  if  the  observations  on  a  particular  leaf  of  an 
Acacia  plant  kept  in  darkness  are  repeated  frequently  in  the 
course  of  the  day  (say  every  two  hours),  we  shall  obtain  fairly 
accurate  information  as  to  the  history  of  the  periodic  after-effect 
movements.^ 


^  Bee  Pfeffer,  Die  periodischen  Beweguntjen  dtr  Blattorgane,  Leipzig,  1875. 


199.    Experiments  with  Phaseolus  multifloniB. 

In  the  leaves  of  Phaseolus,  as  in  those  of  Acacia  lophanta, 
periodic  movements  are  to  be  observed,  which  owe  their  origin 
to  the  daily  recurring  alternations  of  illumination.  The  main 
leafstalk  rises  in  the  evening  and  sinks  in  the  morning,  while 
the  three  leaflets  (see  the  adjoining  illustrations,    Figs.  180  and 
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181)  nader  the  inflaence  of  light  aasame  a  nearly  horizontal 
position,*  whereas  in  the  abaence  of  light  they  lay  themselves 
together  downwards.  The  leaflets  of  Phaseolns  exhibit  also 
periodic  after-effect  movements,  when  plants  which  have  first  been 
growing  under  normal  conditions  are  then  placed  in  constant  dark- 
ness. For  observations  on  this  point,  we  i-eqnir-o  ri^^oroas  pot 
plants.  In  investigations  which  I  condnoted,  the  periodic  after- 
effect movements  lasted  several  days,  thont^h  certainly  with  dimin- 
ishing amplitude.      The  leaves  finally  became  darkness- rigid,  in 


which  condition  they  were  expanded  horizontally.  Once  more 
exposed  to  normal  conditions,  the  younger  eaves  speedily  retnmed 
to  the  phototonic  condition;  the  older  ones  evidently  reacted  far 
less  energetically  to  the  stimulns  of  light. 

In  the  prodnction  of  the  periodic  movements  of  not  fully-grown 
leaves  of  Phaseolus,  processes  of  growth  certainly  play  some  part. 
The  movements  of  mature  leaves  of  Phaseolus,  however,  as  is  also 
the  case  in  many  other  plants  (Mimosa,  Osalis,  etc.),  are  entirely 
due  to  variations  in  the  amount  of  tnrgor-expansion.  And  these 
changes  causing  the  movements  show  themselves  in  the  joints  of 
the  leaves  (the  pnlvinns  of  the  main  leaf-stalk  as  also  the  polvini 

*  Tbia  takes  place,  however,  only  in  bright  diflnafl  light.  In  direct  sunlight 
the  leaflets  aagnme,  parti cularlj  at  noon,  a  position  nbiob  in  some  regpecls 
resembles  their  night  position. 

P.P.  MM' 
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It  ia  a  very  iuterasting  fact  that  plants  of  Acacia  lophanta  which 
have  been  exposed  to  normal  conditions  of  illnmination,  and  are 
then  completely  removed  from  the  action  of  the  light  by  being 
placed  in  a  perfectly  dark  place  (e.g.  a  capboard),  nerertheleas  con- 
tinue to  execute  the  periodical  movements  of  the  leaves  induced 
under  normal  conditions  by  the  daily  recurring  alternation  of  light 
and  darkness.  A  particularly  vigorous  plant  of  Acacia  lophanta 
growing  in  a  small  flower-pot,  and  kept  in  constant  darkness  for 
four  days,  expanded  its  leaflets  in  the  daytime,  and  laid  them 
together  at  night;  the  amplitude  of  the  movement,  it  ia  true, 
gradually  diminished,  and  at  the  end  of  four  days  the  after-effect 
movement  completely  ceased;  the  leaflets  had  become  darkness- 
rigid,  and  the  leaflets  of  the  older  leaves  were  now  horizontal  in 
position,  while  those  of  the  younger  leaves  were  more  or  less  up- 
wardly  directed.  When  the  plant  was  egain  exposed  to  normal 
conditions  of  illnmioation,  the  leaflets  again  became  phototonic, 
i.e.  they  reacted  anew  to  the  alternation  of  day  and  night. 

If  we  wish  to  study  accurately  the  periodic  after-effect  move- 
ments executed  by  leaflets  of  Acooia  plants  which  have  first  beecs. 
exposed  to  normal  conditions  of  environment,  and  then  kept  ie^h. 
constant  darkness,  we  proceed  thus,  following  Pfeffer.  We  cu'tt: 
out  of  stiff  paper  a  number  of  triangles  of  different  but  known  sis ^9 
of  angle.  It  ia  sufficient  if  succeasive  triangles  differ  from  eac9a 
other  by  an  anglo  of  say  ten  degrees.  The  triangles  are  hel<3 
between  the  leaflets  in  order  to  determine  their  inclination  towanl.0 
each  other,  and  if  the  observations  on  a  particular  leaf  of  (lkb 
Acacia  plant  kept  in  darkness  are  repeated  frequently  in  tlae 
course  of  the  day  (say  every  two  hoars),  we  shall  obtaia  fairly 
accurate  information  aa  to  the  history  of  the  periodic  after-effect 
movements.' 

>  See  PleSer,  Die  perioducHen  Betcegangen  dtr  Blattorgant,  Lejpsig,  187S. 
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of  the  three  leaflets).  It  is  instractive  to  compare  the  anatomical 
stractare  of  the  joint  with  that  of  the  rest  of  the  leaf -stalk.  If  we 
examine  transverse  sections  of  the  large  pulvinns  at  the  base  of  the 
main  leaf-Stalk  of  Phaseolns,  it  is  particularly  striking  that  below 
the  epidermis,  which  is  beset  with  hairs,  occurs  a  very  strongly 
developed  parenchyma,  whose  cells  are  almost  the  same  in 
character  on  the  under  and  lower  sides  of  the  pulvinus.  Fairly  in 
the  middle  of  the  section  we  observe  a  number  of  vascular  bundles, 
which  surround  the  pith.  On  microscopical  examination  of  a 
transverse  section  from  the  middle  of  the  main  leafstalk,  it  is  at 
once  seen  that  the  tissue  of  the  cortex,  which  in  the  pulvinus  was 
so  well  developed,  is  here  only  comparatively  slightly  developed ; 
it  occurs  as  coUenchyma  (in  the  projecting  angles),  and  as  the 
ordinary  cortical  parenchyma.  The  vascalar  bundles  surrounding 
the  pith  are  not  aggregated  in  the  middle  of  the  section,  but 
lie  more  peripherally.  The  cells  of  the  cortical  parenchyma  of 
the  pulvinus  bring  about  the  movements  of  variation  of  the  leaves 
in  the  bean,  and  also  in  Acacia,  Mimosa,  etc.,  and,  as  already 
remarked,  these  movements  are  effected  in  the  case  of  matore 
organs,  not  by  growth,  but  solely  through  varying  conditions 
of  turgidity,  the  truth  of  which  statement  is  at  once  obvious 
when  we  consider  that  the  pulvini  maintain  the  size  attained 
on  the  completion  of  their  growth,  although  for  months  they 
bring  aboat  movements  of  the  leaves. 

In  order  to  prove  that  no  processes  of  growth  are  exhibited 
in  connection  with  movements  of  variation,  we  make  ink  dots  on 
one  flank  of  the  pulvinus  in  the  manner  described  in  153,  and 
repeatedly,  for  several  days,  measure  the  distance  between  them 
by  means  of  a  horizontal  microscope.  Great  care  must  be  taken 
that  the  pulvinus  is  always  in  the  same  position  when  the  measure- 
ment is  made. 

The  periodic  movements  of  variation  induced  by  change  in  the 
conditions  of  illumination  are  due  to  the  fact  that  the  cortical 
parenchyma  of  the  pulvinus  on  two  opposed  sides  does  not  vary 
in  turgidity  and  change  in  length  to  the  same  extent.  Thus, 
e.gf.,  the  evening  depression  of  the  leaflets  of  a  bean  leaf  takes 
place  because  the  cells  of  the  parenchyma  of  the  upper  side  of  the 
pulvinus  turgesce  more  vigorously  than  those  of  the  antagonistic 
side,  so  that  a  convex  curvature  of  the  upper  side  of  the  pulvinus 
is  brought  about. 

One  important  factor,  ^lo-wovw,  ^V)Ci  t^oV.  >a^  OosSsyaa  without  the 
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following  experiment.  From  a  bean  plant  growing  in  a  flower-pot 
we  cat  off  towards  evening,  with  a  very  sharp  knife,  the  npper 
half  of  the  pulvinus  of  the  terminal  leaflet  of  one  of  the  trifoliate 
leaves.  When  darkness  comes  on,  the  lateral  leaflets  sink  as 
nsaal,  the  terminal  leaflet  rises,  and  I  found,  e.g.,  in  an  experiment 
made  in  Jalj  (the  operation  was  performed  at  5  p.m.,  and  the 
plant  was  then  placed  in  a  dimly  lighted  place),  that  at  11 
o'clock  at  night  it  was  directed  almost  vertically  upwards. 
By  next  morning  the  terminal  leaflet  had  in  my  experiment  sank 
ag^in.  It  follows  from  this  that  in  leaves  which  exhibit  move- 
ments of  variation,  the  evening  change  of  position  does  not  take 
place  because  the  turgidity  of  the  cells  of  one  only  of  the  opposed 
halves  of  the  pulvinus  (in  our  case  the  upper)  is  intensified 
in  darkness.  On  the  contrary,  darkness  raises  the  turgidity  of 
all  the  cells  of  the  parenchymatous  mantle  of  the  pulvinus, 
while  exposure  to  the  light  reduces  it;  but  this  elevation  or 
depression  of  the  turgidity  does  not  proceed  at  the  same  rate 
in  the  opposed  halves  of  the  pulvinus.  In  the  pulvini  of  the 
bean  leaflets,  for  example,  the  turgidity  augments  more  rapidly 
in  the  cells  of  the  upper  half  than  in  those  of  the  lower ;  hence 
the  leaves  bend  downwards.  But  that  the  turgidity  does  at  the 
same  time  increase  in  the  lower  half  of  the  pulvinus  is  clear 
from  our  experiment,  since  if  this  had  not  been  the  case,  the  leaf 
operated  upon  would  have  been  unable  to  raise  itself  in  the 
evening. 

Some  further  experiments  may  here  be  made  which  teach  that 
the  movement- joints  of  the  bean — and  those  of  other  plants  are 
similar  in  their  behaviour — are  geotropically  sensitive. 

We  grow  beans  in  flower-pots  in  bright  diffuse  light.  When 
the  plants  have  formed  a  few  trifoliate  leaves,  we  lay  strips 
of  wood  over  the  soil  in  the  pots  to  prevent  it  from  falling  out, 
invert  the  plants,  and  leave  them  in  the  inverted  position  exposed 
to  the  light  (best  in  the  light  shade  of  a  tree).  It  is  of  advantage 
if  the  plants  are  allowed  to  grow  from  the  beginning  in  the 
light  shade  of  a  tree.  If  the  temperature  is  high  we  can  proceed 
to  observations  on  the  inverted  plant  even  at  the  end  of  six  to 
eight  hours.  Before  inverting  we  had  measured  the  angle  formed 
with  the  shoot  axis  by  the  stalks  of  the  primordial  leaves,  as 
also  of  the  trifoliate  leaves.  We  had  likewise  determined  the 
angle  made  by  the  blades  of  both  kind  of  leaves  with  the  leaf- 
stalks.    If  we  repeat  these  determinations  after  the  plants  have 
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been  inverted  for  sevei^l  hours,  we  find  above  all  things  that  the 
blades  have  risen  considerably,  and  a  slow  subsequent  elevation  is 
also  exhibited  in  the  leaf- stalks  dependent  on  the  negative  geo- 
tropic  irritabilifcy  of  the  joints.^ 

If  we  now  bring  the  plants  back  again  to  the  upright  position, 
the  leaves  regain  their  normal  position  in  the  course  of  a  day. 
If  the  plants  have  been  kept  inverted  for  several  days,  and  are 
then  at  last  placed  upright  again,  the  leaves  resume  their  original 
position  very  slowly  or  not  at  all,  since  the  geotropic  curvature  of 
the  pulvini  has  now  been  fixed  by  growth. 


^  For  further  particulars  see  Pfeffer,  Periodisehe  Bewegungen,  1875,  and 
A.  Fischer,  Botan,  Zeitung,  1890. 


200.    Experiments  with  the  Lever  Dynamometer. 

To  obtain  an  approximate  value  for 
the  force  which  is  developed  in  the  ex- 
ecution of  movements  by  pulvini,  the 
lever  dynamometer  may  be  employed.^ 

On  the  brass  column  s  is  movable  the 
sleeve  e,  which  can  be  fixed  by  means 
of  the  thumb  screw  r.  This  carries  a 
graduated  arc,  and  a  three-l^ged  lever 
resting  on  a  knife  edge.  Of  the  two 
legs  h  and  h'  which  are  in  the  same 
straight  line,  the  longer  serves  as  the 
pointer,  while  the  object  under  investi- 
gation is  laid  on  the  shorter ;  the  third 
leg,  p,  is  at  right  angles  with  the  other 
two.  If  it  is  displaced,  e.g.,  by  pressure 
brought  to  bear  on  the  shorter  leg,  the 
force  with  which  it  endeavours,  pendu- 
lum-wise, to  get  back  to  its  position  of 
equilibrium,  increases  with  the  sine  of 
the  angle  of  deflection.  By  weighting 
it  we  can,  of  course,  vary  the  force  re- 
quired   to    produce   a  given 

, ,„  ...^         deflection,  and  so  also  regu- 

TJ  la-te  the  deflection  of  the 
pf offer's  Dynamometer.  pointer  effected  by  applying 


Fig.  183.— 
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a  plant  structare  to  the  short  leg  h.     The  lever  dynamometer 
may  be  obtained  from  Albrecht,  Tubingen. 

We  select  for  examination  a  yigoroas  specimen  of  Phaseolas. 
We  fix  a  wire  along  the  midrib  on  the  upper  side  of  a  primordial 
leaf,  so  that  it  reaches  up  to  the  pulvinus  at  one  end,  and  at  the 
other  extends  beyond  the  tip  of  the  leaf.  The  wire  must  be  such 
that  it  will  not  bend  under  the  forces  to  be  liberated.  Usually, 
in  experiments  with  bean  leaves,  a  wire  60-80  mm.  in  length  and 
say  0*2  gr.  weight,  formed  by  twisting  together  two  pieces  of  fine 
iron  wire,  yields  good  results.  The  wire  is  tied  to  the  leaf  at  at 
least  three  places,  the  thread  in  each  case  being  taken  round  the 
wire  and  midrib.  The  end  of  the  wire  projecting  beyond  the  leaf 
is  laid  on  the  short  arm  of  the  lever,  and  it  is  best  to  fix  it  there 
by  means  of  thread  or  wii*e. 

Before  proceeding  to  the  experiments  it  remains  to  be  deter- 
mined what  relation  exists  between  the  force  acting  on  the  short 
leg  of  the  lever  on  the  one  hand  and  the  corresponding  defiectiou 
on  the  other.  If  the  deflection  is  not  too  great,  this  relation  can 
be  very  exactly  determined  by  suspending  from  the  short  leg  a 
scale  pan,  and  loading  this  with  weights.  The  same  deflection 
will  naturally  correspond  with  a  greater  or  less  pressure  accord- 
ing to  the  loading  of  the  vertical  arm  p  (by  wax  balls  or 
otherwise).  One  deg^e  of  deflection  will  correspond,  e.g, 
according  to  circumstances,  with  0*1  gr.  up  to  even  0*3  gr.  The 
product  of  the  weight  corresponding  with  the  observed  deflection 
and  the  length  of  the  leaf  lying  on  the  arm  of  the  dynamometer, 
and  acting  as  the  arm  of  a  lever,  gives  the  moment  of  the  result- 
ant pressure  exerted  by  the  pulvinus. 

In  the  experiments  with  bean  leaves  the  petiole  must  naturally 
be  tightly  fixed  as  far  as  the  pulvinus.  When  the  apparatus 
is  cax'efully  arranged  and  vibration-free,  changes  in  the  expansive 
force  of  the  opposed  halves  of  the  pulvinus  due  to  variations 
in  brightness  evoke  movements  of  the  dynamometer  legs.  If 
we  place  the  apparatus  in  the  dark,  e.g.  in  the  afternoon,  the 
pointer  may  be  deflected  10^  in  the  course  of  a  few  hours. 
If  1°  corresponds  with  a  pressure  on  the  short  arm  of  0  3  gr.,  and 
if  the  lever  formed  by  the  leaf  was  70  mm.  in  length,  then  the 
10^  would  indicate  a  moment  of  210. 

Bean  leaves  also  execute  autonomous  movements  of  moderate 
amplitude,  each  swing  occupying  about  two  hours.  For  these 
the  moment  often  lies  between  10  and  25.     According  as  these 
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autonomoas  movements  are  in  the  same  direction  or  opposed 
to  the  paratonic  and  daily  periodic  movements  will  the  moments 
of  these  latter  be  amplified  or  lessened.  (For  farther  particulars 
see  Pfeffer.) 

'  See  Pfeffer,  Die  periodisehen  Bewegungen  der  Blattorgane,  1875,  pp.  9  and 
97. 

201.    Experiments  with  Mimosa  pndiea  and  other  Plants. 

The  leaflets  of  Mimosa  pndiea  perform  movements  both  as  the 
result  of  shock  or  contact  and  in  conseqaence  of  changes  in 
illnmination,  and  these  are  effected  by  the  palvini  of  the  primary 
and  secondary  leaf-stalks  and  of  the  individual  leaflets.  The 
plants  may  be  raised  from  seed  in  flower-pots ;  care  must  be  taken 
in  cultivating  them  that  they  are  exposed  to  a  high  temperature 
(20°-25°  C),  and  that  they  are  well  supplied  with  water.  This 
last  is  best  attained,  in  cultures  carried  on  in  an  ordinary  room, 
by  covering  the  plants  with  large  bell-glasses  soon  after  they 
appear  above  ground,  without  of  coarse  interfering  too  much 
with  the  circulation  of  the  air.  A  good  number  of  seedlings  may 
be  grown  in  the  same  pot,  but  they  are  early  transplanted  into 
separate  ones,  and  the  cultivation  is  continued  in  warm  moist  air 
at  the  window.  In  vigorous  plants  the  main  leaf-stalk  is  during 
the  day  more  or  less  upwardly  directed,  atid  the  leaflets  are 
expanded.  If  in  the  daytime  we  suddenly  darken  a  plant,  by 
placing  over  the  covering  bell-glass  a  cardboard  box,  the  main 
leaf-stalk  raises  itself  not  inconsiderably,  so  that  the  angle  which 
it  makes  with  the  stem  becomes  more  acute,  and  the  leaflets  lay 
themselves  together  in  an  upward  direction.  If  the  Mimosa 
plants  under  the  bell-glasses  are  left  in  the  daytime,  untouched, 
to  the  influence  of  the  light,  it  is  seen  that  the  leaflets  lay  them- 
selves together  towards  evening,  and  that  the  main  leaf-stalks 
sink  as  darkness  comes  on.  Thus  in  Mimosa  padica  sudden 
darkening  during  the  day  on  the  one  hand,  and  the  normal  even- 
ing darkening  on  the  other,  act  in  the  same  manner  on  the  leaflets, 
but  do  not  act  in  the  same  manner  on  the  main  leaf-stalks.^ 

If  plants  of  Mimosa,  at  first  cultivated  under  normal  conditions, 
are  exposed  in  a  sufficiently  moist  atmosphere  to  constant  dark- 
ness,  they  exhibit  after  some  time,  like  Acacia  and  Phaseolus, 
after-effect  movements  of  the  leaves,  i.e.  the  leaflets  are  spread  oat 
in  the  daytime,  and  laid  together  at  night-time.     Gradually  these 
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movements  cease,  and  the  leaves  are  no  longer  able  to  react  even 
to  shock  or  contact.  In  observations,  however,  on  plants  of 
Mimosa  placed  in  darkness,  it  is  to  be  noted  that  leaves  of  different 
ages  do  not  behave  in  the  same  manner.  When  the  daily  periodic 
after-effect  movements  are  no  longer  taking  place,  the  darkness- 
rigid  leaves  do  not  appear  in  the  normal  night  position,  but,  on 
the  contrary,  the  main  leaf -stalk  in  such  leaves  is  nearly  horizontal 
in  position,  and  the  leaflets  are  outspread.  If  a  plant  is  now 
for  a  short  time  illaminated,  and  then  again  brought  into  the 
dark,  it  still  does  not  react  to  the  change  of  illamination,  and  to 
shock  or  contact ;  its  leaflets  do  not  go  together ;  the  plant  is 
still  darkness-rit^id.  The  phototonic  condition  only  returns  after 
long- continued  illumination,  and  then  only  does  the  Mimosa  regain 
its  capacity  of  reacting  to  change  of  illumination;  later  still  it 
becomes  sensitive  also  to  shock  or  contact.  I  kept  one  plant  of 
Mimosa  pudica,  a,  in  the  dark,  at  a  temperature  of  about  20^  C, 
from  AngQst  16  to  half-past  seven  in  the  evening  of  August  21. 
On  the  evening  of  August  21,  all  the  leaves  up  to  the  two  youngest 
wore  completely  darkness-rigid.  The  plant  a  was  now,  with 
another,  6,  which  had  been  exposed  to  normal  conditions  of 
illumination,  placed  in  front  of  a  window.  On  August  22  the 
light  was  allowed  to  act  on  the  two  plants  from  sunrise  till  10 
o'clock;  they  were  then  both  placed  in  the  dark,  bat  while  the 
leaves  of  b  closed  np,  those  of  a  remained  outspread.  The  leaves 
of  the  plant  a  also  did  not  yet  react  to  shock  or  contact; 
they  were  still  darkness-rigid.  After  being  in  the  dark  for  half 
an  hour,  both  plants  were  brought  back  into  the  light  again. 
On  the  evening  of  the  22nd  Augast  some  of  the  leaflets  of  the 
plant  a  laid  themselves  together,  and  on  the  23rd  August  irrita- 
bility to  contact  returned,  and  also  a  very  energetic  closing  move- 
ment of  the  leaflets  took  place  in  the  evening.  Many  leaflets  of 
the  plant  a,  however,  daring  the  last  days  of  the  research  became 
yellow  and  fell. 

If  plants  of  Trifolium  pratense  are  observed  in  the  open,  or  if 
we  keep  under  observation  plants  raised  from  seed  in  flower- pots, 
we  shall  find  that  the  leaflets,  which  during  the  day  are  outspread, 
lay  themselves  together  in  an  upward  direction  in  the  evening.  The 
leaflets  of  Oxalis  Acetosella,  on  the  contrary,  fold  together  down- 
wards in  the  evening.  

'  As  to  the  causes  of  these  compUoated  phenomena,  see  PfefiFer,  Die  period- 
itehen  Bewegungen^  etc.,  1875,  p.  74. 
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202,    Kovements  of  Variation  in  Mimosa  pndica  Evoked  by 

Shock  or  Contact. 

Mimosa  pndica  is  only  irritable  to  way  considerable  extent  at  a 
fairly  bigh  temperature,  and  when  the  soil  and  the  surrounding 
air  are  sufficiently  moist.  If,  however,  under  such  conditions, 
plants  of  Mimosa  raised  from  seed  in  flower-pots  are  agitated 
without  the  plants  themselves  being  touched,  a  striking  irritation- 
effect  is  exhibited.  The  primary  leaf-stalks  sink,  the  secondary 
leaf-stalks  approach  one  another,  and  the  leaflets  lay  themselves 
together  forward  and  upwards  (see  Pig.  183).  These  movements 
are  all  effected  by  pulvini,  which  are  situated  at  the  base  of  the 
leaf -stalks  and  leaflets,  and  have  a  structure  similar  to  those  of 
Phaseolus  leaves.  We  can,  however,  incite  the  Mimosa  to  move- 
ments, not  only  by  shocks  but  also  by  contact.  If  the  upper  side 
of  the  large  pulvinus  at  the  base  of  the  primary  leaf-stalk  is 
carefully  touched,  no  movement,  it  is  true,  follows ;  but  move- 
ment at  once  appears  if  the  lower  side  of  it  is  so  stimulated. 
Accordingly  only  the  under  side  of  the  pulvinus  reacts  to  impact 
stimulus  [Stossreiz]  ;  its  cells  lose  water,  which  may  really  pass 
into  the  intercellular  spaces  occurring  between  the  cells,  the 
hydrostatic  equilibrium  in  the  pulvious  is  upset,  so  that  finally, 
according  to  Haberlandt,  the  stimulus-conducting  elements  in  the 
vascular  bundle  region  also  let  fluid  escape.  Owing  to  the  con- 
traction of  the  underside  of  the  pulvinus  due  to  loss  of  water  by 
its  cells,  and  the  co-operation  of  the  upper  side  of  the  pulvinus 
which  is  in  a  state  of  high  positive  tension,  an  energetic  down- 
ward movement  of  the  main  leaf-stalk  is  brought  about.  The  loss 
of  water  by  the  pulvinus  on  stimulation,  and  the  existence  in  the 
pulvinus  of  conditions  of  tension,  may  be  demonstrated  as  fol- 
lows : — 

The  primary  leaf-stalk  is  separated  by  a  sharp  cut  from  its 
pulvinus,  and  the  Mimosa  is  then  left  for  some  time  under  a  bell- 
glass  in  an  atmosphere  saturated  with  moisture.  If  the  pulvinus, 
after  it  has  risen  to  some  extent,  is  stimulated,  it  sinks,  and  water 
issues  from  the  cut  surface.  In  an  uninjured  plant  the  water  is 
carried  away  from  the  pulvinus,  chiefly  into  the  stem  or  leaf-stalk. 
If  we  cut  away  one  of  the  large  pulvini  close  to  the  shoot  axis, 
without  removing  it  from  its  leaf -stalk,  it  bends  naturally  in 
consequence  of  the  stimulus  in  the  usual  way.  If  we  now  by  two 
longitudinal  cuts  isolate  the  upper  and  lower  parenchyma  of  the 
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palvinaB  from  the  fibroTOscnlar  system,  the  former  vigorODsly 
curves  downwards,  the  latter  feebly  upwards.  If  the  organ  of 
movement  so  prepared,  and  still  remaining  in  connection  with  ita 
leaf-stalk,  is  laid  in  water,  the  carvatnre  of  the  npper  parenchyma, 
and  especially  the  upward  cnrvatnre  of  the  lower,  since  its  cells 
have  again  become  tnrgescent,  is  intensified.  The  isolated  lamelln 
of  parenchyma,  moreover,  exceed  the  fibrovascniar  bodies  of  tho 
palvions  in  length,  and  everything  points  to  the  conclosion  that 
in  nninjnred  motile  organs  considerable  tensions  mast  exist  be- 


tween the  axile  etrand  on  the  one  hand  and  the  parenchyma  on 
tlie  other. 

The  following  simple  experiment  is  very  inetrnctive.  We  care- 
fully, and  so  as  not  to  agitate  the  plant,  cat  oS  with  a  pair  of 
scissors  one  of  the  small  leaflets  at  the  end  of  a  secondary  leaf- 
stalk of  a  very  sensitive  Uimosa,  or  we  stimalate  a  leaflet  of  a 
Mimosa  by  focnssing  on  it  convergent  rays  of  light  from  the  sun 
by  means  of  a  lens.  There  is  now  exhibited  a  transmission  of 
stimnlas,  dae  to  movement  of  water  in  the  plant.  Advancing 
from  the  tip  towards  the  base  of  the  secondary  leaf-stalk,  the 
transmission  of  stimalns  causes  more  and  more  remote  pairs  of 
leaves  to  lay  themselves  together,  and  then  the  leaflets  of  neigh- 
bonring  secondary  leaf-stalks  lay  themselves  together  (first  the 
loner  and  later  the  higher  ones),  and,  indeed,  even  the  main  leaf- 
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stalk  may  sink  and  the  stimnlas  may  ovei'flow  to  other  leaves. 
When  the  passage  of  the  stimalns  has  ceased,  and  no  farther 
movements  are  evoked,  the  leaves  retam  again  after  a  few  minutes 
to  their  position  of  rest.* 

^  See  Pfe£fer,  PhytiologUehe  Untenuehungent  1873,  and  Sachs,  Lectures  on 
Plant  Physiology,  Haberlandt's  oootributions  I  do  not  agree  with  in  all 
respects  {Das  reizUitende  Oewebesystem  der  Sinnpjlanzet  Leipzig,  1890). 


203.    Further  Movements  of  Yariation  Evoked  by  Shock  and 

Contact. 

The  leaflets  of  Oxaiis  Aeetosella,  a  plant  frequently  to  be  met 
with  in  damp  woods,  are  provided  with  pnlvini,  and  react  to 
contact  or  shock.  ^  If  the  main  petiole  is  agitated,  the  irritation 
movement  of  the  leaflets  (a  depression)  can  be  clearly  followed, 
but  many  shocks  mast  be  communicated  to  the  main  leafstalk  in 
order  to  bring  about  the  maximum  depression  of  the  leaflet's, 
whereas  in  Mimosa  the  fnll  movement  is  brought  about  by  a 
single  slight  shock. 

The  lobes  of  the  stigma  of  Martynia  (GresneraceaB),  as  I  have 
frequently  found,  are  very  irrit.able.  If  the  inside  of  the  stigmatic 
lobes  is  touched,  they  at  once  lay  themselves  together.  The  lobes 
of  the  stigma  in  Mimulus  (e.g.  M.  cardinal  is)  also  react  to  con- 
tact. 

The  five  filaments  in  the  Cynareae  are  attached  at  their  lower 
end  to  the  corolla  tube.  The  anthers  are  united  to  form  a  tube 
through  which  the  style  grows.  When  the  pollen  is  ripe  the 
filaments  are  irritable,  and  if  not  stimulated  appear  curved,  convex 
side  outwards.  If  stimulated  by  shock  or  contact  they  straighten, 
at  the  same  time  shortening.  Pulvini  the  filaments  do  not  possess; 
but  the  whole  pai*enchyma  surrounding  the  axile  vascular  bundle 
is  irritable,  and  when  subjected  to  stimulation  loses  considerably 
in  expansive  force,  owing  to  escape  of  water,  and  so  is  brought 
about  the  contraction.  To  satisfy  ourselves  that  the  filaments  of 
the  CynareaB  are  irritable,  we  may  experiment  with  the  flowers  of 
Centaurea  jacea.  We  isolate  single  flowers  from  the  capitulum, 
cut  across  the  corolla,  filaments,  and  style,  somewhat  above  the 
point  of  insertion  of  the  stamens,  and  fix  the  separated  sexual 
apparatus  on  a  cork  by  means  of  a  pin.  It  is  then  placed  in  a 
moist  atmosphere  under  a  bell-glass.      When  the   preparations 
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have  recovered,  they  are  sensitive  to  stimulation.  The  free  fila- 
ments move  when  touched,  and  after  executing  movements  regain 
their  irritability  again  under  favourable  external  conditions  in  a 
few  minutes.  The  movement  of  the  free  filaments  is  due  to  the 
fact  that  the  side  touched  shortens  and  always  first  becomes  con- 
cave. 

204.    Spontaneons  Moyements  of  Variation. 

Spontaneous  movements  of  variation  are  to  be  observed  in 
various  plants  whose  leaves  are  provided  with  pulvini  (Mimosa, 
Oxalis,  Trifolium),  and  are  brought  about  by  fluctuations  in  the 
turgor-expansion  of  the  cells  of  the  antagonistic  parts  of  the 
pulvinus,  due  to  internal  causes.  In  order  to  acquire  information 
on  the  subject,  we  select  for  examination  Trifolium  pratense,  and 
cultivate  the  plants  from  seed  in  a  flower-pot.  When  the  plants 
are  fairly  advanced  in  development  it  is  best  to  reject  the  weakly 
individuals  and  retain  for  observation  only  a  few  vigorous  speci- 
mens. 

It  has  already  been  mentioned  that  leaves  of  Trifolium  react 
very  vigorously  by  movements  to  change  in  conditions  of  illumina- 
tion. In  order  to  exclude  these  movements  as  far  as  possible, 
we  bring  the  flower-pot  with  the  Trifolium  plants  into  a  dark 
cupboard,  or  place  over  it  a  cardboard 
box,  and  let  the  plants  remain  in  the 
dark  also  on  the  next  day,  on  which  the 
observations  proper  are  to  begin.  From 
time  to  time,  say  every  half-hour,  we  de- 
termine the  position  of  certain  of  the 
leaflets,  and  indeed  it  is  best  to  fix  their 
position  at  any  time  by  means  of  a  sketch. 
Numerous  experiments  which  I  made  at       f^,,  i8».— Leaf  of  Desmo. 

a  temperature   of  about  18°  C.  showed  me     rtiam  gyraus.  redaced  in  sue. 

that   the   leaflets    of   Trifolium    pratense 

executed  in  the  dark  upward  and  downward  movements,  the 
amplitude  of  which  was  sometimes  less,  sometimes  more  than 
90°.  A  few  hours  were  necessary  for  the  performance  of  a  com- 
plete oscillation. 

Very  marked  autonomous  movements  of  variation  are  executed 
by  the  lateral  leaflets  of  Desmodium  gyrans.  They  describe 
elliptical  paths,  whose  long  axis  is  approximately  parallel  with 
the    main    leaf-stalk.      The    temperature    minimum    for  these 
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morements  lies  at  about  22^  C.  I  saw  one  complete  circait  made, 
at  a  high  temperature,  in  a  few  minutes.  The  ascending  journey 
is  somewhat  more  slowly  accomplished  than  the  descending  one 
(see  Fig.  184). 


205.    The  Inflaence  of  External  Conditions  on  Some  Moyements 

of  Variation. 

The  influence  of  external  conditions  on  movements  of  variation 
ha«  already  been  frequently  pointed  out.  We  may  here  pursue 
the  subject  further.  In  order  to  determine  the  influence  on  the 
pulvini  of  Mimosa  pudica  of  ether  or  chloroform  vapour,  it  is 
best  in  my  experience  to  proceed  as  follows.  A  detached  leaf 
whose  leaflets  have  been  caused  by  gentle  stimulation  to  lay 
themselves  together,  is  placed  with  its  stalk  in  a  small  glass 
vessel  containing  water.  The  glass  stands  in  a  dish  into  which 
we  have  poured  some  ether  or  chloroform.  The  whole  is  covered 
with  a  bell-glass,  and  exposed  to  direct  sunlight.  During  the 
narcosis,  which  is  continued  for  a  few  minutes,  the  leaflets  com- 
pletely expand ;  they  now  react  neither  to  shock  nor  contact. 
They  recover  their  irritability,  however,  when  transferred  to  a 
moist  atmosphere  free  from  chloroform  or  ether. 

The  following  experiment  is  very  instructive.  The  under 
side  of  the  pulvinus  on  the  main  leaf-stalk  of  a  Mimosa  growing 
under  very  favourable  conditions  is  repeatedly  and  at  short 
intervals  stimulated  by  means  of  a  small  rod  of  wood.  (In  my 
experiments  the  stimulation  took  place  every  half-minute  for  five  or 
six  minutes,  and  the  under  side  of  the  pulvinus  received  on  each 
occasion  several  blows.)  If  the  plant  is  left  to  itself  under  a  bell- 
glass,  the  depressed  main  leaf-stalk  rises  after  a  few  minutes, 
but  still  it  does  not  now  react  to  contact.  The  organ  of  movement 
thus,  by  often  repeated  contact,  rendered  insensitive  to  further 
stimulation,  again  becomes  irritable,  however,  after  a  short  time. 
It  is  of  special  interest  that  the  Mimosa  leaflets  outspread  after 
narcosis  with  ether  or  chloroform,  and  the  main  leaf -stalks  of 
Mimosa  elevated  after  the  cessation  of  shocks,  are  not  irritable 
immediately,  but  only  after  lapse  of  time.  It  teaches,  viz.,  that 
the  causes  ou  which  depends  the  return  of  the  structures  to  a 
condition  of  sensitiveness  to  stimulation  on  the  one  hand,  and 
those  on  the  other  on  which  depends  the  irritability  itself  cannot 
be  entirely  the  same. 
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If  the  soil  in  which  a  Mimosa  is  rooted  is  not  watered  for  a 
long  time,  the  plant  being  however  exposed  otherwise  to  normal 
conditions,  the  capacity  of  the  leaflets  for  response  to  shock  or 
contact  falls  off  more  and  more.  In  an  experiment  made  by  me 
at  abont  20°  C,  complete  loss  of  sensitiveness  to  contact  appeared 
after  four  days.  The  leaflets  in  a  state  of  dryness-rigor  are 
outspread,  bat  by  no  means  yet  appear  limp,  and  they  regain 
their  irritability  when  the  soil  is  again  well  supplied  with  water. 

If  a  Mimosa  is  exposed  for  a  few  hours  to  a  temperature  below 
15°  C.  {e,g.  10°  C),  the  plant  passes  into  a  state  of  transitory 
cold-rigor.  The  sensitiveness  to  contact  and  change  of  illumin- 
ation disappears.  The  normal  state  returns,  however,  when  the 
plant  is  brought  back  to  a  place  at  a  temperature  above  15°  C. 

To  bring  Mimosas  into  a  state  of  temporary  heat-rigor,  we 
place  the  plants  in  a  suitable  thermostat  at  a  temperature  of  40^  C. 
After  about  an  hour  (at  45°  C.  in  a  much  shorter  time)  heat-rigor 
sets  in.  The  leaflets  have  in  presence  of  light  laid  themselves 
together  upwards.  With  favourable  conditions  of  temperature, 
the  normal  state  is  regained  in  the  course  of  a  few  hours.  ^ 


1  See  especially  Claude  Bernard,  Legon$  $,  I.  phinominei  d,  I,  vie^  1878 
Sachs,  Flora,  1868  ;  and  Pfeffer,  Phyiiol.  Untersuehungen,  1873. 
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FIKMS  SUPPLYING  APPAEATUS,  UTENSILS,  ETC. 
{Only  the  most  important  apparatus^  etc.,  is  menttoned.) 

Seed  and  plant  material :  Haaok  and  Schmidt,  Erfurt. 

Pressed  yeast :  Yrrsuchs-  und  Lbhrbraubkei  ku  Berlin,  See*  und  Torfstr.- 
Ecke.  Also  pure  yeast  cultures  in  test  tubes,  price  10  mk.  In 
many  cases  it  is  sufficient  to  purify  the  yeast  oneself.  Yeast  from 
a  brewery  is  distributed  in  distilled  water  which  has  been  sterilised 
by  boiling.  When  the  larger  particles  floating  in  the  iluid  have 
settled,  we  pour  off  the  fluid  in  which  the  yeast  cells  are  suspended, 
and  put  it  in  a  cool  place.  When  the  bulk  of  the  yeast  has  settled, 
we  pour  off  the  turbid  fluid,  distribute  the  sediment  once  more  in 
water,  and  decant  as  before,  proceeding  in  this  way  say  four  times 
more.  The  purified  yeast  is  now  again  distributed  in  water ;  some 
is  allowed  to  settle,  and  we  then  remove  by  means  of  a  pipette  a 
known  volume  of  the  yeast-containing  fluid.  Instead  of  the  water 
last  used,  we  may,  under  some  circumstances,  employ  a  certain 
quantity  of  a  food  solution  (Pasteur's  food  solution,  beer  wort,  etc) 
appropriate  for  yeast  cultures.  If  it  is  required  to  provide  various 
portions  of  food  solution  with  precisely  the  same  quantities  of  yeast, 
it  is  well  to  proceed  as  follows:  Water  or  food  solution  is  supplied 
with  purified  yeast,  as  above,  and  then  a  quantity  of  the  fluid  is 
transferred  to  a  further  quantity  of  water  or  food  solution,  the 
final  samples  being  removed  by  means  of  a  pipette  from  this  fluid, 
which  is  kept  well  shaken.  In  many  cases  it  is  necessary  first  to 
sterilise  the  water  or  food  solution,  in  which  yeast  is  to  be  dis- 
tributed, by  boiling  in  a  flask  plugged  with  cotton  wool. 

Chemicals  of  all  kinds  are  to  be  obtained  from  the  chemical  works  of 
Merck,  Darmstadt. 

Pigments  for  microscopy :  Dr.  G.  GrCbler,  Bayrisohe  Strasse,  Leipzig. 

Filter  paper,  ordinary  and  Swedish:  Dr.  H.  Geisslbr  Nachf.  F.  Muller, 
Bonn. 

Corks,  indiarubber  bungs,  indiarubber  tubing,  etc.,  are  to  be  obtained 
from  the  rubber  works  of  Wallach,  Cassel.  Rubber  goods  should 
be  kept  in  a  large  closed  glass  cylinder,  in  which  is  a  small  glass 
half  filled  with  turpentine.  Preserved  in  this  way,  they  do  not 
become  brittle  and  full  of  cracks.  Rubber  articles  which  have  got 
hard  can  be  rendered  serviceable  again  by  exposure  for  some  time 
to  the  influence  of  chloroform  vapour.  They  may  be  placed  for 
the  purpose  in  a  closed  glass  cylinder,  together  with  a  glass  half 
filled  with  chloroform. 
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JKubber  corks  and  tubing  of  exceptionally  good  quality,  made  from  Para 
rubber,  are  supplied  by  Bendeb  and  Hobeik,  MUnchen,  Gabelsberger 
Str.  76a. 

Platinum  crucibles,  etc. :  HerXus,  Hanau. 

Horn  and  porcelain  apparatus  of  all  kinds:  Ephraim  Gkeiner,  Statzer- 
bach,  Thuringia. 

Glass  goods  of  all  kinds  (tubes,  beakers  funnels,  etc.):  Alt  Eberhabdt 
und  JJLqer,  Ilmenau,  Thuringia,  and  Ephraim  Greiner,  Stiitzerbach, 
Thuringia. 

Burettes,  pipettes,  wash-bottles,  gas  preparation  apparatus,  etc.:  Dr.  B. 
Muemcke,  Berlin,  N.W.,  Luisenstrasse  58. 

Mills  for  grinding  seeds,  bark,  etc. :  Gruson,  Magdeburg-Buckau,  or 
Wemderoth,  Cassel. 

Presses  and  straining  cloths :  G.  Wenderoth,  Cassel,  and  Geissler  Nachf. 
F.  MCller,  Bonn. 

Specially  good  syphon  barometers  are  supplied  by  Geissler  Nachf.  F. 
MOller,  Bonn.  The  instrument  may  be  fixed  on  a  stand,  by  means 
of  which,  when  not  in  use,  it  can  be  inclined.  The  glass  is  thus 
always  kept  clean  in  the  region  where  the  readings  take  place. 

Keservoir  barometers  of  specially  good  quality,  with  stand  and  ther- 
mometer, are  supplied  for  82  mks.,  by  W.  Haak,  glass-blower,  Jena. 

Stands  of  all  kinds  are  to  be  obtained  from  Desaoa,  Heidelberg.  Stands 
having  a  porcelain  base,  and  specially  suitable  for  immersion  in 
water,  are  supplied  by  BCuler,  Tubingen. 

Apparatus  for  Nitrogen  determinations  after  Kjeldahl's  method:  Alt 
Eberhardt  und  JXoer,  Ilmenau,  Thuringia. 

Mirror  galvanometers  are  to  be  obtained  from  the  mechanical  workshops 
of  Dr.  Th.  Edelmamn,  Munchen,  and  H.  Meyer,  ZQrich.  The  latter 
firm  supplies  somewhat  cheaper,  but  still  verj"  sensitive  apparatus. 
The  mirror  galvanometers,  after  Hermann,  turned  out  by  Plath, 
Potsdam,  are  also  specially  to  be  recommended.  The  instrument, 
provided  with  two  coils  of  80,0(X)  turns  in  all,  two  thermocoils  of  100 
turns  each,  excellent  damping  arrangement,  telescope,  and  scale, 
costs  485  mks. 

Spectral  apparatus  of  various  kinds  are  to  be  obtained  of  Geissler  Nachf. 
F.  MCller,  Bonn.  A  large  Hofmann  spectroscope,  with  comparison 
prism  and  measuring  arrangement,  costs  240  mks.  A.  KrCss, 
Hamburg,  also  supplies  very  good  instruments.  Very  satisfactory 
pocket  spectroscopes,  provided  with  a  scale,  are  to  be  obtained  for 
60  mks.  from  Schmidt  and  Haensch,  Berlin,  Stallschreiberstrasse  4. 

Air  pumps,  suction  pumps,  etc.,  are  to  be  obtained  from  Dr.  Mukncke, 
Berlin.  The  Arzberger  water  current  pump,  by  means  of  which 
very  complete  exhaustion  may  be  attained,  is  specially  to  be 
recommended.  It  can  be  obtained  for  80  mks.  from  C.  Gerhardt, 
in  Bonn  ;  and  is  supplied  also  by  Dr.  Mcemcke,  Berlin  ;  and  of  the 
highest  quality  by  Paul  BOhme,  BrOnn.  I  further  recommend  very 
strongly  the  water  current  pump  supplied  by  Hilderrand,  glass- 
blower,  Erlangen.  The  small  apparatus  (price  2  mks.)  is  fixed  by 
means  of  very  thick  rubber  tubing  to  the  water  tap.  The  ex- 
haustion is  very  complete,  approaching  the  tension  of  aqueous 
vapour. 
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Balances  for  analytical  work,  to  carry  100-200  gr.,  and  turn  to  ^^  of  a 
mgr.j  are  to  be  obtained  of  G.  Kern,  Ebingen  (Wtlrtemburg),  and 
P.  BcNGE,  Hamburg  (Eilbeck).    Price,  200-300  mks. 

Small  water  motors,  to  be  connected  up  directly  with  the  water  supply, 
and  particularly  suitable,  e.g.f  for  setting  centrifugal  apparatus  in 
motion,  are  to  be  obtained  of  P.  A.  Hekbertz,  Cologne. 

Thermometers :  Greineb  and  Friedrichs,  Sttttzerbach ;  Ephraim  Greikcr, 
Sttitzerbach ;  Kirchler,  Ilmenau ;  Haak,  glass-blower,  Jena ;  and 
Geissler  Nachf.  F.  MOller,  Bonn.  For  exact  work  it  is  essential 
to  have  the  thermometer  tested.  A  normal  thermometer  made  by 
Haak,  Jena,  gave  the  following  results :  At  (P  C— O-IO^,  at  10° 
±0000,  at  200+0-050,  at  80o+0K)6o,  at  40o±0-00o,  at  5CO+0-05o. 
The  negative  sign  indicates  that  the  corresponding  value  is  to  be 
subtracted  from  that  directly  observed.  The  corrections  are  true  on 
the  assumption  that  the  thread  of  mercury  is  throughout  its  length 
at  the  temperature  to  be  determined.  If  a  part  of  the  thread 
projects  outside  the  space  whose  temperature  is*  to  be  ascertained, 
an  addition  must  be  made  to  the  temperature  read  off  and  corrected 
from  the  table  of  errors.  The  correction  may  be  calculated  from 
the  following  formula  : — 

n  (<-«') 
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Where  (n)  is  the  length  of  the  projecting  part  of  the  mercurial 
thread  expressed  in  degrees,  (t)the  temperature  to  be  measured,  and 
(f)  the  mean  temperature  of  the  projecting  thread.  It  is  in  most 
cases  sufficient  to  put  for  t'  the  temperature  of  the  laboratory.  If 
this  temperature  is  lower  than  the  temperature  to  be  measured,  the 
value  found  must  be  added  to  the  temperature  indicated  by  the 
thermometer. 

Evaporating  apparatus,  apparatus  for  the  distillation  of  water  and  for 
heating  drying  chambers,  can  be  obtained  in  all  sizes  from  Dr. 
Muencke,  Berlin. 

Koch's  steam  sterilising  apparatus,  made  entirely  of  copper,  and  1  metre 
in  height,  is  to  be  obtained  from  H.  Bohrbeck,  Berlin,  N.W.,  Karl- 
strasse  24,  for  60-80  mks.  See  price  list  of  1891-2,  p.  21.  Particulars 
as  to  the  construction  and  manipulation  of  the  apparatus  are  given 
in  the  catalogue. 

Microscopes  of  excellent  quality  are  to  be  obtained  of  C.  Zeiss,  Jena,  and 
of  W.  and  H.  Seibert,  Wetzlar.  A  Zeiss  microscope  quite  sufficient 
for  ordinary  purposes  is  the  following : — Stand  No.  Vila,  with  eye- 
pieces 2,  4,  and  5,  and  objectives  B  and  D.  Price  153  mks.  Mag- 
nification 95-580.  Drawing  prism,  20-30  mks.;  the  new  drawing 
apparatus  of  Abbe,  which  permits  drawing  upon  a  horizontal 
surface,  GO  mks. ;  objective  micrometer,  10  mks. 

A  T^ery  satisfactory  centrifugal  apparatus,  made  after  my  designs  (.ve 
Fig.  155),  is  to  be  obtained,  at  a  price  of  60  mks.,  from  G.  Teotmeyer, 
mechanician  at  the  Physical  Institute,  Jena.  G.  Tegtmeyer  also 
supplies  my  apparatus  for  determining  the  extensibility,  elasticitj', 
and  rigidity  of  plant  structures,  price  35  mks  {see  Fig.  179),  as  also 
the  apparatus  devised  by  me  and  depicted  in  Fig,  49  and  Fig.  146. 
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From  £.  Albbrcht,  Uniyersiiy  Mechanician,  Tttbingen,  may  be  obtained 
the  following ; — 

Large  clinostats,  after  PfelBfer,  d20  mkn. 

Small  clinostats,  220  mks. 

Auxanometer,  after  Pfeffer,  820  mks. 

Arc  indicator,  after  Sachs,  60  mks. 

Baranetzky^s  apparatus  for  registering  the  flow  of  sap,  100  mks. 

Horizontal  measuring  microscope,  125  mks. 

Lever  dynamometer,  15  mks. 

Gas  chamber,  after  Engelmann,  15  mks. 

Two-mirror  heliostat,  after  Beusch,  885  mks. 
Wortmann^s  clinoetat,  with  all  attachments,  is  to  be   obtained    from 

Uhoeber  Bros.,  Strassburg ;  price  200  mks. 
Asotometer :  Ehrhakdt  and  Metzoer,  Darmstadt ;  price  about  80  mks. 
Thermostats,  thermo-regulators,  gas  pressure  regulators,  and  gas  burners, 

are  supplied  by  Dr.  H.  Bohrbeck,  Berlin,  Karlstrasse  24.     The 

thermostats  specified  under  114  and  129  of  the  1891-2  price  list  are 

specially  to  be  recommended.    Price  according  to  size,  50-200  mks. 

and  20-80  mks.  respectively.    I  recommend  the  thermo-regulator 

No.  149 ;  price,  filled  and  tested,  19  mks.    The  thermo-regulators 

(filled  with  mercury  and  amyl  alcohol),  made  by  Haak,  glass-blower, 

Jena,  are  also  very  satisfactory.    Price  8-lQ  mks. 
Millimetre    paper  (transparent    tracing   paper)    is    to   be    obtained    of 

Schleicher  and  SchCll,  Ddren,  Bheinpreussen.    Price  for  25  sheets, 

12  mks. 
Polar  planimeter:  J.  Kern,  Aarau,  Switzerland.    Price,  with  directions 

for  use,  45  mks. 
All  the  apparatus  mentioned  in  this  book  can  be  obtained  from  the 

mechanical  works  of  Desaoa,  Heidelberg.    This  firm  has  specially 

undertaken,  either  to  manufacture  the  apparatus  themselves,  or 

procure  it  from  the  makers. 
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In  84  the  problem  of  the  movement  of  water  in  the  wood  was  discussed. 
We  saw  that  the  water  moves  in  the  lumina  of  the  conducting  wood 
elements,  and  if  we  now  go  into  the  matter  a  little  further,  it  is  par- 
ticularly because  Askenasj  ^  has  recently  published  a  short  treatise, 
which,  in  connection  with  the  important  work  of  Strasburger,  certainly 
appears  to  be  of  great  significance. 

Sachs  '  has  already  stated  emphatically  that  the  root  pressure  can  by  no 
means  serve  to  cover  the  loss  of  water  experienced  by  vigorously  tran- 
spiring plants.  It  is  true  that  in  the  intact  plant  water  can  be  raised  by 
root  pressure  in  larger  quantities  and  to  a  greater  height  than  in  a  de- 
capitated plant,  since  the  atmospheric  pressure  acts  on  the  cut  surface  in 
the  latter,  while  in  the  former  the  rise  of  the  water  cannot  be  afiected 
by  the  atmospheric  pressure.  But  for  all  that,  even  in  the  uninjured 
plant,  root  pressure  by  no  means  plays  a  part  in  the  movement  of  water 
in  the  .wood  of  strongly  transpiring  plants,  and  Hansen  '  showed  that 
even  plants  with  dead  roots,  which  therefore  could  exhibit  absolutely 
no  root  pressure  at  all,  still  actively  transpire.  Pot  plants  of 
Nicotiana  or  Helianthus,  which  bear  6-10  large  leaves,  are  placed,  after 
the  soil  in  the  pots  has  been  soaked  with  water,  in  double-walled  sheet 
zinc  receivers,  resting  on  tripods.  The  space  between  the  walls  of  the 
receivers  is  filled  with  water.  We  place  thermometers  in  the  soil,  cover 
the  pots  with  thick  card-board  covers,  halved  and  cut  out  in  the  middle 
so  as  to  fit  round  the  stems  of  the  plants,  and  then  heat  the  water. 
The  roots  are  exposed  for  an  hour  or  two  to  a  temperature  of  70°  C. 
They  are  then,  as  may  be  established  by  microscopical  examination, 
quite  dead.  We  now  carefully  wrap  the  pots  in  tinfoil,  cover  the 
surface  of  the  soil  and  the  stems  of  the  plants  with  tinfoil,  and  can 
then  by  repeatedly  weighing  prove  that  the  aerial  parts  of  the  plants, 
if  the  temperature  of  the  air  is  not  too  low,  continue  for  days  to  lose 
considerable  quantities  of  water  without  withering.  The  dead  roots 
must  absorb  water  from  the  soil. 

Capillary  forces  may  be  of  importance  in  retaining  water  in  the 
tracheal  channels,  but,  as  Strasburger  ^  convincingly  proved,  they  play 
hardly  any  part  in  the  actual  elevation  of  the  water.  Nor  can  we 
call  to  our  help  the  atmospheric  pressure  when  we  are  considering  the 
elevation  of  water  to  great  heights  (0.^.  200-800  ft.),  and  so  one  seems 
obliged  to  have  recourse  to  the  co-operation  of  the  living  cells  of  the 
wood. 

I  may  here,  however,  direct  special  attention  to  certain  investigations 
of  Strasburger  (l.c.  p.  607),  which  it  is  true  I  have  unfortunately  not 
yet  myself  repeated,  but  the  results  of  which  undoubtedly  appear 
to  merit  consideration. 
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Slender,  compact  trees  of  Acerplatanoides,  Fagas,  Pinus  Laricio,  or 
Abies  excelsa,  are  sawn  through  at  the  base,  somewhat  obliquely,  and 
under  a  strong  current  of  water,  which  must  be  directed  towards  the 
cut  surface.  The  trees,  say  20  m.  in  height,  are  first  left  standing 
for  half  an  hour  in  water ;  they  are  then  raised  by  means  of  pulleys, 
and  the  cut  surface  after  being  smoothed  is  placed  in  contact  with  5-10  p.c. 
Copper  Sulphate  solution. 

The  trees  with  which  Strasburger  experimented,  in  the  course  of  several 
weeks  or  months,  and  under  favourable  conditions  for  transpiration,  took 
up  large  quantities  of  the  Copper  solution.  It  rose,  as  could  easily  be 
proved,  to  the  tops  of  the  trees,  so  that  the  leaves  gradually  died,  and  the 
wood  of  the  stems  became  more  or  less  completely  saturated  with  Copper 
salt.  Here  then  the  ascent  of  the  water  cannot  have  been  caused  by  the 
osmotic  activity  of  living  cells  of  the  wood,  since  the  Copper  salt  would 
of  course  kill  these  cells  when  it  came  in  contact  with  them. 

Bearing  in  mind  these  experiments  with  large  plants,  interest  attaches 
also  to  the  results  of  experiments  with  small  objects  in  which  a  portion 
of  the  channel  of  conduction  has  been  killed.  If,  by  immersion  in  boiling 
water  for  half  an  hour  or  an  hour,  we  kill  the  lower  part  of  branches  of 
Populusor  Salix  to  a  length  of  say  20  cm.,  their  upper  leafy  parts  remain- 
ing uninjured,  and  then  place  the  branches  in  eosin  solution,  they  still 
suck  up  in  course  of  time  large  quantities  of  fluid.  Similarly  if  shoots 
are  placed,  immediately  after  being  cut,  with  their  base  in  5  p.c.  Copper 
Sulphate  solution,  the  fluid  rises  to  a  considerable  height  in  them,  although 
the  salt  kills  the  living  elements  of  the  wood. 

To  understand  the  movement  of  water  in  the  plant,  it  is  important  to 
remember  that  the  channels  of  conduction  in  the  wood,  as  they  are  de- 
veloped, t.e.,  from  the  time  of  germination  onwards,  fill  with  water. 
Hence  the  peripheral  regions  of  the  wood,  in  their  tracheal  elements,  con. 
tain  for  the  most  part,  even  at  times  of  vigorous  transpiration,  only 
water  and  no  air,  while  of  course  the  central  elements  of  the  wood  may 
be  devoid  of  water.  Badial  sections  of  stems  or  branches  of  Abietinese 
are  very  suitable  for  examination.^  The  sections  should  be  1-2  cm.  in 
length  and  of  such  a  thickness  that  at  least  one  layer  of  tracheides  re- 
mains unopened.  Investigation  of  the  sections  teaches  that  in  general  the 
aqueous  contents  of  the  elements  falls  off  in  quantity  from  without  in- 
wards.' 

When  no  transpiration  is  taking  place,  the  water  is  retained  in  the 
channels  of  conduction  by  the  adhesion  which  the  wood  substance  exerts 
on  it,  and  by  the  cohesion  of  the  particles  of  the  water,  which — and 
Askenasy  lays  very  special  stress  on  this — is  exceedingly  great,  and  no 
severance  of  the  water  threads  takes  place. 

When  now  the  sun^s  heat  brings  about  transpiration,  and  the  leaf  cells 
lose  water,  they  endeavour  to  replace  the  loss.  They  withdraw  fluid  from 
the  channels  of  conduction  in  the  vascular  bundles ;  they  exert  a  tension 
on  the  water  in  the  tracheal  channels,  which,  owing  to  the  g^at  cohesion 
of  the  water  particles,  is  transmitted  right  into  the  roots,  and  there  gives 
rise  to  renewed  absorption  of  water.  These  views  of  Askenasy  as  to  the 
nature  of  the  movement  of  water  in  the  wood  certainly  merit  attention ; 
the  chief  stress  is  always  to  be  laid  on  the  magnitude  of  the  cohesive 
forces  which  the  molecules  of  water  exert  on  each  other. 
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Askenasj^s  theory  may  also  be  maintained,  as  is  more  nearly  shown  in 
his  treatise,  on  the  assumption  that  the  tracheal  channels  contain  not  only 
water,  but  a  moderate  amount  of  low  tension  air.  If,Jiowever,  much  air 
penetrates  into  the  channels  of  conduction,  e,g.^  when  structures  are  cut 
off  in  the  air,  then  a  rapid  passage  of  water  into  the  objects  is  rendered 
impossible,  and  they  wither,  although  placed  with  the  cut  surface  in 
water. 


^  See  Aekena^y,  Verhandlwngen  d.  nat»r\i^orUek*med,   r0mn«  sh  H§id9U>erg,  K.F.,  B.  B, 

*  See  Sacbs,  Ii«ctur0«  on  Plant  Phynology. 

*  See  Hansen,  Arbeiten  d.  botan.  IngUtuU  in  ITftrxburo,  B.  8,  p.  S18. 

*  Bee  StrMbuTtfer,  Bau  und  Verriehtvaig  d«r  J/«itvny«b<ifcn«n  %%  den  F/Uauun,  1891,  p.  808. 

*  See  Roaeow,  Botan.  CentraLhlatt,  1883,  B.  13,  p.  101,  and  Sfcraabnixer,  LtitunggbaKntn, 
p.  686. 

e  On  the  qaaatitj  of  air  in  the  wood,  see  Straaborgtr,  Lntungwbahn^n,  p.  88S. 
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Absorption  of  gases,  161. 

of  water  by  fruits  and  seeds, 
190. 

of  water  by  leaves,  186. 

of  water  by  roots,  185. 

of  water,  work  done  in,  141. 
Absorptive  capacity  of  the  soil,  244. 
Accumulation  of  plastic  material, 

860. 
Acidity  of  plant  saps,  824. 
Acids,  formation  of,  in  plants,  242. 
Aerotropism  of    pollen  tubes    and 

fungal  hyphee,  479. 
After-e£Eect  movements,  528,  584. 

in  flowers,  488. 

geotropic,  448. 
Aggregations,  104. 
Alcohol  determination,  282. 

formation  of,  in  plants,  284. 
Aleurone  grains,  120. 
Algae,  427. 
Alkaloids,  842. 
Alkanna  tincture,  807. 
Ammonia  as  food  for  plants,  58,  71. 

detection  of,  68. 
Ammoniacal    solution    of    Chopper 

oxide,  28. 
Amyloid,  808. 
Amyloplasts,  120. 
Amylum  bodies,  16. 
Ana(Srobic  organisms,  285. 
Aniline  sulphate,  109. 
Anisotropy,  609. 
Annual  period,  401. 
Anthocyan,  840. 
Aqueous  tissue,  211. 
Arc  indicator,  877. 
Ash  analysis,  80. 
Ash  of  plants,  composition  of,  77. 
Asparagin,  254. 

behaviour  of,  in  plants,  257. 

quantitative  determination  of, 
255. 


Aspirator,  259. 

Asphyxiation  of  protoplasm,  428. 

Assimilation,  1. 

dependence  of,  on  external  con- 
ditions, 50. 

organs  of,  9. 

products  of,  46. 

specific  energy  of,  48. 

Atmospheric    air,    composition    of, 

89. 
Attachment  balls,  501. 
Autumnal  colouring  of  leaves,  29. 
Auxanometer,  878. 
Asotometer,  245. 

Bacillus  subtilis,  96. 
Bacteria,  97. 

pure  cultures  of,  98. 
Bacterium    method,    after    Engel- 
mann,  88. 

Badicicola,  62. 

Termo,  98. 
Bacteroids,  66. 
Baryta  water,  266. 
Bast,  structure  of,  108. 
Bell-glasses,  double  walled,  28. 
Bichromate  element,  186. 
Biuret  reaction,  249. 
Bordered  pits,  109. 
Brucin,  68. 

Butyric  acid  fermentation,  285. 
Bye-products  as  a  means   of  pro- 
tection, 844. 

of  metabolism,  824. 

Cacao  butter,  56. 
Calcium  as  food,  84. 

oxalate,  78. 
Cambium,  876. 
Cane-sugar,  tests  for,  802. 
Carbon  dioxide,  decomposition   of, 
in  assimilation,  41,  44. 

detection  of,  89. 
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Carbon  dioxide,  preparation  of,  85. 
production  of,  in  fermentation, 

262. 
production  of,  in  intramolecular 

respiration,  274. 
production   of,    in  normal   re- 
spiration, 269. 
production  of,  in    respiration, 

259. 
significance  of,  in  assimilation, 
58. 
Carnivorous  plants,  108. 
Cell  membrane,  diosmotic  properties 
of,  145. 
nucleus,  119. 
Traube's  artificial,  150. 
Cell-sap,  composition  of,  151. 
Cellulose  reactions,  107. 

reserve,  303. 
Cement  mixtures,  88,  54,  60,   163, 

168,  175,  210,  214. 
Centrifugal  apparatus,  experiments 

with,  462. 
Chemotactic    movements    of    bac- 
teria, 429. 
Chemotropism  of  pollen  grains  and 

fungal  hyphee,  479. 
Chloral  hydrate,  10,  46. 
Chloroform,  influence  of,  on  plants, 

188. 
Chlorophyll,  20. 
in  Fucus,  19. 
in  Neottia,  19. 
absorption  spectrum  of,  22. 
decomposition  of,  27. 
fluorescence  of,  22. 
formation  of,  81. 
Chlorophyll  bodies,  16. 
Chlor-zinc-iod,  107. 
Circumnutation,  891. 
Clinostat,  experiments  with,  468. 
Cobalt  test,  214. 
Collenchyma,  519. 
Colouring  matters,  889. 
Conducting  sheath,  848. 
Contact  stimulus,  499. 
Contraction  of  roots,  866. 
Copper  oxide,  ammoniacal  solution 

of,  28. 
Cork  tissue,  108. 
Correlation  phenomena,  525. 


Corrosion  phenomena,  241. 

of  starch  grains  by  diastase,  297. 
Crystalloid,  121. 

Curvature,  preliminary,  in  twining 
plants,  490. 

resulting  from  a  blow,  868. 
Cuticle,  lOa 
Cyanophyll,  20. 
Cyclometer,  471. 
Cytoplasm,  116. 

Dark  room,  25. 
Darkness  rigor,  529,  585. 
Darwinian  curvature,  485. 
Desiccation,  influence  of,  on  plants, 

184. 
Dextrin,  801. 
Dialyser,  147. 
Dialysis  of  gases,  162. 
Diaphanoscope,  15. 
Diastase,  formation  of,  299. 

mode  of  action  of,  295. 

occurrence  of,  295k 
Difi^usion,  148. 

of  gases,  161. 
Dionsea,  105. 
Diphenylamine,  69. 
Dissociation  hypothesis,  254. 
Dorsiventrality,  506. 
Drosera,  108. 

Dry  weight  determination,  1. 
Dynamometer,  520. 

Elasticity  of  growing  plant  struc- 
tures, 862. 
of  plant  tissues,  521. 

Electric    potential,   differences   of, 
157. 

Electricity,  action   of,   on    plants, 
185. 

Electrodes,  unpolarisable,  157. 

Emulsion  figures,  428. 

Endodermis,  877. 

Endosmosis,  148. 

Eosin  solution,  226. 

Epinasty,  518. 

Ethereal  oils,  388. 

Etiolated  plants,  404. 

Etiolation,  causes  of,  408. 

Etiolin  grains,  21. 

Eudiometer,  41. 
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Extensibility  of  plant  tissues,  521. 
of    growing  plant  structureSi 
862,  865. 

Fat,  behaviour  of,  in  germination, 
806. 

determination  of,  805. 
Fatty  oils,  reactions  of,  807. 

trees,  850. 
Fehling^s  solution,  249. 
Fermentation,  alcoholic,  282. 
Filtration  of  gases,  176, 181. 
Fine  earth  of  the  soil,  77. 
Flank  curvature  in  twining  plants, 

491. 
Food  solution  for  bacteria,  98. 

for  higher  plants,  2,  8,  84. 

for  Nitromonas,  70. 

for  Penicillium,  93. 

for  yeast,  58,  86,  96. 

Cohn's,  9a 

Pasteur's,  5a 
Freezing,  changes  induced  by,  125. 

death  from,  128. 

chamber,  127. 

mixture,  128. 
Fungi,  parasitic,  100. 

pure  cultures  of,  94. 

saprophytic,  94. 

Galls,  486. 

Galvanometer,  157,  291. 
Galvanotropismof  lower  organisms, 

480. 
Garden  soil  as  a  culture  medium,  81. 
Gas  absorption,  16L 

chamber,  422. 
Gaseous  pressure,  positive  and  nega- 
tive, 175. 

exchange  in  assimilation,  41. 
Gases,  dialysis  of,  162. 

diffusion  of,  161. 

filtration  of,  176, 181. 

movement  of,  161. 
Geotropic  i^haviour  of  grass  nodes, 
448. 

behaviour  of  roots,  486. 

behaviour  of  shoots,  441. 

nutation,  causes  of,  446. 
Germination  of  Phaseolus,  811. 

of  potatoes,  816. 


Germination  of  potatoes,  influence 
of  illumination  upon,  414. 

of  Triticum,  818. 
Globoid,  121. 
Glucose,  detection  of,  800. 

estimation  of,  800. 
Glucosides,  842. 
Glycerine,  detection  of,  807. 

preparation  of,  from  vegetable 
fats,  806. 
Granular  layer  of  the  protoplasm, 

iia 

Growing  points,  872. 
Growth  and  respiration,  894. 

annual  period  of,  401. 

conditions  necessary  for,  892. 

daily  period  of,  412. 

energy  of,  887. 

grand  period  of,  882. 

in  constant  darkness,  404. 

in  length,  872. 

in  thickness,  875. 

influence  of  external  conditions 
upon,  892. 

influenced  by  light,  411. 

influenced  by  pressure  and  ten- 
sion, 896. 

influenced  by  temperature,  898. 

intercalary  zones  of,  874. 

material  necessary  for,  892. 

rate  of,  887. 

relation  to  quantity  of  water  in 
the  tissues,  898. 
Gums,  882. 

Haemoscope,  25. 

Heat,  conduction  of,  in  plants,  156. 

development  of,  in  imbibition, 
141. 

production  of,  in  plants,  287. 

rigor,  541. 
Heliostat,  25. 
Heliotropic  chamber,  468. 

nutations,  467. 

nutations,      transmission      of 
stimulus  in,  474. 
Heliotropism  and  light  intensity, 

472. 
Humus,  90. 
Hyaloplasm,'  118. 
Hydrogen,  preparation  of,  85. 
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Hydrotropism  of  Mucor,  477. 

of  Plasmodia,  434. 

of  roots,  475. 
Hygrometer,  2CX). 
Hypochlorite  reaction,  27. 

Ice  formation,  125. 
Imbibition,  189. 
Impact  stimulus,  499. 
Induction  apparatus,  135. 

heterogeneous,  510. 
Intercellular  spaces,  164. 
Inulin,  804. 

Iodine,  dissolved  in  Carbon  bisul- 
phide, 88. 

test,  45. 
Iodised  glycerine,  298. 

potassium  iodide,  45. 
Iron  as  food,  .84. 
Irritation,  movements  of,  417. 
Isotonic  coefficients,  151. 

Kipp^s  apparatus,  265. 

Latex,  252,  859. 

Lead  acetate,  47. 

Leaf,  structure  of,  10. 

Leaves,  absorption  of  water  by,  186. 

Lenticels,  167. 

Leucoplasts,  120. 

Lichens,  102. 

Limiting  angle,  geotropic,  441. 

Lithium,  bccurrence  of,  in  plants,  82. 

Maceration  method,  110. 
Magnesium  as  food,  84. 
Magnification,  determination  of,  522. 
Maltose,  801. 

Marks,  placing  of,  on  plant  struc- 
tures, 150,  867,  888,  488. 
Mechanical  injury,  effect  of,  188. 

system,  518. 

tissue,  arrangement  of,  522. 
Membranes  of  cells,  107. 
Mercury,  purification  of,  42. 
Mesophyll,  10. 
Metabolism,  248. 

quantitative       chemical      re- 
searches on,  822. 
Metaboly,  425. 
Methyl  green  Acetic  acid,  119. 


Methyl  violet,  20. 
Micellae,  116. 

Microscopp,  horizontal,  for  measur- 
ing increments  of  growth,  880. 
Microspectral  objective,  89. 
Microspectroscope,  22. 
Millimetre  paper,  522. 
Millon^s  reagent,  250. 
Mineral    substances    a    necessary 
constituent    of   the    food   of 
plants,  82. 
substances,   absorption   of,   by 

plants,  287. 
substances,  forms  in  which  they 

occur  in  plants,  87. 
substances,  microchemical  de- 
tection of,  88. 
substances,  required  by  fungi, 
86. 
Moist  chamber,  846. 
Molecular  forces,  107. 
Movement  of  gases  in  plants,  161. 
Movements   due  to    absorption    of 
water,  187. 
of  algal  swarmers,  influence  of 

temperature  upon,  428. 
of  chlorophyll  bodies,  481. 
of  lower  organisms,  423. 
of  irritation,  417. 
of  Plasmodia,  488. 
of  protoplasm,  417. 
of  protoplasm,  causes  of,  418. 
of  protoplasm,  dependence  of,  on 

presence  of  Oxygen,  422, 
of  protoplasm ,  influence  of  tem- 
perature upon,  419. 
of  swarmers,  428. 
of  variation,  527. 
of  variation,  causes  of,  529. 
of  variation,  induced  by  changes 
of  illumination,  527,  528,  584. 
of  variation,  induced  by  shock, 

586,58a 
of  variation,   influence  of  ex- 
ternal conditions  upon,  540. 
of  variation,  spontaneous,  589. 
of  water  in  plants,  197. 
of  water,  causes  of,  227,  and  Ap- 
pendix 2. 
Mucilage,  882. 
Mycorhiza,  90. 
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Nectaries,  206. 
Nervature  of  leaves,  10. 
Nessler^s  reagent,  68. 
Nitrates,  decomposition  of,  75,  76. 

presence  of,  in  plants,  68. 
Nitric  acid,  59,  71. 

detection  of,  68. 
Nitrification,  70. 
Nitrogen  determination,  60,  255. 

free  as  food,  59,  62. 

requirements  of  lower   organ- 
isms, 58. 
Nitrometer,  245. 
Nitromonas,  68. 
Nitrous  oxide  gas,  e£fect  of,  on  plants, 

281. 
Nuclein,  258. 
Nucleus,  119. 
Nutation,  rotating,  488. 

spontaneous,  889. 

of  roots,  485. 
Nyctitropic  movements,  481. 

movements,  causes  of,  484. 

Organic  acids,  behaviour  of,  in  the 
Crassulaceee,  827. 
acids,  presence  of,  in  plants,  824. 
materia],  production  of,  1. 
Organised  structures  of  plant  cells, 

107. 
Orthotropic  organs,  510. 
Osmic  acid,  121,  807. 
Osmotic  pressure,  154. 
Oxalic  acid  solution,  267. 
Oxygen,  absorption  of,  in  respira- 
tion, 278. 
compressed,  269. 
consumption  of,  260. 
production  of,  in  assimilation, 
85. 

Palisade  parenchyma,  11. 

Papilionaoese  as  collectors  of  Nitro- 
gen, 62. 

Parasitic  fungi,  100. 

Pasteur^s  food  solution,  58. 

Pepsin,  252. 

Peptone,  252. 
as  food,  59. 

Perceptivity  and  power  of  reaction, 
476. 
P.P. 


Periderm,  108. 

Pettenkofer^s  tubes,  266. 

Phenolphthalein,  267. 

Phosphorescence,  292. 

Phosphorus  as  food,  84. 

Photoepinastic  nutations,  514. 

Phototactic  swarmers,  424. 

Phycocyan,  20. 

Phycoerythrin,  20. 

Phyoopheein,  20. 

Physiological  elements,  254. 

Pigments,  889. 

Plagiotropic  organs,  510. 

Planimeter,  522. 

Plasmodia,  trophotxopism  of,  485. 

Plasmolysis,  150. 

Poisons,  influence  of,  on  plants,  187. 

Polarising  apparatus,  115. 

Polarity,  505. 

Pollen  grains,  germination  of^  846. 

Poroscope,  180. 

Potassium  as  food,  84. 

bichromate,  28. 
Potential,  electric,  157. 
Precipitation  membranes,  147, 149. 
Pressure  bottles,  151. 
Proper  angle  of   secondary  roots, 

459. 
Proteid  formation,  seat  of,  78. 
Proteids,  behaviour  of,  251. 

formation  of,  58. 

occurring  in  plants,  248. 

reactions  of,  249. 
Prothallium  of  ferns,  17. 
Protoplasm,  116. 

diosmotic  properties  of,  145. 
Protoplasmic  communication,  117. 

movements,  417. 

influence  of  temperature  upon, 
419. 

causes  of,  418. 

dependence  of,  on  presence  of 
Oxygen,  422. 
Pyrenoid,  16. 

Baphides,  74. 

Bectangular  division,  principle  of, 

378. 
Bectipetality,  495. 
Beserve  cellulose,  808. 
Be8ins,888. 
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Bespiration,  259. 

analytical  researches  on,  277. 

and  growth,  894. 

influence  of  external  conditions 
on,  270. 

intramolecular,  262,  264. 

normal,  269. 
JEtespiratory  apparatus,  264. 

ratio,  278. 
Bheotropic  behaviour  of  plasmodia, 

484. 
Rigidity  of  plant  organs,  518. 
Rigor,  cold,  541. 

darkness,  529,  585. 

dryness,  541. 

heat,  541. 
Ringing,  225. 

Ripening  of  fruits  and  seeds,  818. 
Root  hairs,  287. 

pressure,  197. 

pressure,  causes  of,  205. 

pressure,  influence  of  external 
conditions  on,  200. 

pressure,  periodicity  of,  204. 

tip,  function  of,  in   geotropic 
nutations,  452. 
Roots,  absorption  of  water  by,  185. 

as  organs  for  the  absorption  of 
mineral  substances,  287. 

contraction  of,  866. 

Sand  as  a  culture  medium,  62. 
Sap,  escape  of,  from  plants,  206. 

escape  of,  from  tree  trunks,  208. 

flow  of,  from  injured  trees,  199. 
Saprophytic  fungi,  94. 
Saussure^s  law,  240. 
Sawdust  as  a  culture  medium,  2. 
Sclerenchyma,  518. 
Scutellum  of  grasses,  814. 
Seed  coat,  structure  of,  191. 
Sieve  tubes,  856. 
Silicon  not  an  essential  constituent 

of  the  food  of  plants,  82. 
Silicon  skeleton,  88. 
Silver  solution,  alkaline,  118. 
Smallest  surfaces,  principle  of,  878. 
Snails  and  plants,  844. 
Sodium,  not  an  essential  constituent 

of  plant  food,  82. 
Soil,  constituents  of,  77. 


Soil,  mechanical  analysis  of,  77. 
Somatotropic  nutation,  478. 
Spectral  apparatus,  22.  . 
Spectrum,  objective,  469. 
Spongy  parenchyma  of  leaves,  11. 
Starch,  as  a  product  of  assimilation, 
46. 

as  reserve  material,  293. 

determination  of,  294. 

-forming  corpuscles,  120. 

grains,  112. 

grains,  behaviour  of,  in  polar- 
ised light,  115. 

grains,  behaviour  of,  towards 
Iodine,  114. 

macroscopic  detection  of,  45. 

microscopic  detection  of,  45. 

sheath,  855. 
Starchy  trees,  850. 
Stereides,  518. 
Stereome,  518. 
Sterilisation,  97. 
Stomata,  168. 

influence  of  induction  currents 
upon,  172. 

opening  and  closing  movements 
of,  171. 

and  assimilation,  56. 

and  transpiration,  213. 
Stoves,  201. 

Sugar  as  a  product  of  assimilation, 
47. 

-cane,  tests  for,  802. 

formation  of,  in  potatoes,  817. 

sheath,  856 

varieties  of,  800. 
Sulphur  as  food,  84. 
Symbiosis  of  Hydra  with  Algse,  17. 

Tannic  acid,  888. 

detection  of,  888. 
Tannin,    quantitative    determina- 
tion of,  884. 
Temperature,  high,  influence  of,  on 
plants,  128. 

low,  influence  of,  on  plants,  128. 

of  plants,  155. 
Tendrils  of  the  Ampelideaa,  501. 

of  the  CucurbitacesB,  496. 
Tension,  longitudinal,  868. 

transverse,  870. 


INDEX 


5S5 


Thermo-electric  apparatus,  291. 
Thermometers,  201. 
Thermo-re^lators,  202. 
Thermostats,  202. 
Thermotropism,  478. 
Titrating  apparatus,  267. 
Titration,  method,  267,  826. 
Torsions,  888. 
Tracheides,  282. 

Translocation  of  plastic  substances, 
846. 
in  leaves,  847. 
in  branches,  849. 
Transmission  of  stimulus  in  helio- 
tropic  nutations,  474. 
of  stimulus  in  Mimosa,  587. 
Transparency  of  plant  tissues,  14. 
Transpiration,  influence  of  external 
conditions  upon,  216. 
and  organisation  of  plants,  209. 
and  stomata,  218. 
experiments,  212. 
Trophotropism  of  plasmodia,  485. 
Turgor,  150. 

•extension  of  growing  plant 
structures,  864. 

Variation  movements,  527. 

movements  brought  about  by- 
changes  in  illumination,  527, 
528,584. 

movements  brought  about  by 
shocks,  586,  588. 

movements,  causes  of,  529. 

movements,  influence  of  exter- 
nal conditions  upon,  540. 


Variation  movements,  spontaneous, 

589. 
Vessels  of  wood,  length  of,  178. 
VorktUmmung  in    twining    plants* 

490. 

Warm  chamber,  421. 
Washing  cylinder,  7a 
Water,  absorption  of,  by  fruits,  190. 
absorption  of,  by  leaves,  186. 
absorption  of,  by  mosses,  196. 
absorption  of,  by  roots,  185. 
absorption  of,  by  seeds,  190, 194. 
conduction  of,  in  the  stem,  225. 
food  stuf&  in,  80. 
mobility  of,  in  the  wood,  280. 
culture,  method,  2. 
movement,  rate  of,  288. 
movement  in  the  wood,  causes 
of,  227  and  Appendix  2. 
Winding  of  tendrils,  496. 
of  twining  plants,  487. 
free,  of  twining  plants,  492. 
mechanics  of,  492. 
Winter  colouring  of  plant  struc- 
tures, 29. 
Withering  of  plants,  285. 
Wood,  as  a  tissue  for  the  conduc- 
tion of  water,  225. 
behaviour    of,    towards   gases 

under  pressure,  177. 
reactions  of,  108. 
structure  of,  109. 

Xanthophyll,  20. 
Teast,  nutrition  of,  96. 
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ARTHUR  SCHEUNERT.  75  Jahve. 


Am  7.  Jimi  1954  voUendel  ARTHUR  SCHEUNERT.  der  Nestor  der  Vilamin- 
forsdiung,  das  75.  Jahr  eines  tatigen  und  eifullten  Lebens.  An  diesem 
Tage  vereinen  sidi  Sthiiler,  Mitarbeitei  und  KoUegen,  um  ihre  warmsten 
GlQdiwunsdie  darzubiingen.  Nui  wenigen  Mensdien  ist  es  besdiieden,  aul 
ein  so  erfolgreiches  Wirken  zuriidcbHckeii  zu  konnen,  das  nicht  nui  die 
Anerkennung  der  Fadikollegen  gefunden  hat,  sondern  doriiber  hinaus  auf 
alien  Gebieten,  die  sidi  mit  der  Erforscfaung  der  Lebensvorgange  befassen, 
segensreidi  gewesen  ist. 

ARTHUR  SCHEUNERT,  geboren  in  Dresden  als  Landwirtssohn,  verlieB 
dort  mit  dem  Abitur  das  Annen-Realgymnasium  und  wandte  sddi  dem 
Studium  der  Cbemie  zu,  das  ihn  iXbet  Dresden  und  Leipzig  nadi  Gottingen 
fOhrte,  wo  er   1902  bej  Nobelpreistraget  OTTO  WALLACH  mit  summa 
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assjstent  gearbeitet  und  seiner  Militarpflidit  Geniige  getan  hatte.  trat  er 
1904  als  Asslstent  des  Physiologisdien  Institutes  an  der  Tierarztlidien 
Hodisdmle  in  Dresden  eine  Stellung  an,  die  zum  Ausgangspunkt  seines 
Sdiaffens  und  riditungweisend  wurde.  Als  Sdiiiler  und  Mitarbeiter  von 
ELLENBERGER  erlangte  er  1906  die  Dozen tur  fiir  physiologisdie  Chemie, 
1909  den  Titel  Professor  und  1910  als  EJnunddreifiigjahriger  eine  planmafiige 
ao.  Professur.  Der  erste  Weltkrieg  sah  ihn  im  Feld  und  an  der  erfolgreidien 
Bereitstellung  eines  Pferde^-Ersatzfuttermittels  aus  Holz  arbeitend.  Die 
ehrenvolle  Berufung  als  Nadifolger  von  ZUNTZ  auf  den  Lehrstuhl  fiir 
Tierphysiologie  in  Berlin  1919  fiihrte  den  Gelehrten,  der  sidi  bis  dahin 
vorzugsweise  mit  Arbeiten  aus  dem  Gebiet  der  Verdauungsphysiologie. 
der  Fermentdiemie  und  des  Mineralstoffwedisels  besdiaftigt  hatte,  der 
rasdi  aufbliihenden  Vitaminforsdiung  zu.  Diese  Entwicklung  wurde  1923 
durdi  einen  Ruf  nadi  Leipzig  als  Nadifolger  von  ELLENBERGER  weiter 
begiinstigt,  well  SCHEUNERT  dort  das  Physiologisdie  Institut  neu  ein- 
riditen  und  fiir  die  besonderen  Anforderungen  der  Ernahrungs-  und 
Vitaminforsdiung  ausriisten  konnte.  Es  zeigte  sidi  dodi  bald,  dafi  mit  fort- 
sdireitender  Erkenntnis  die  Einriditung  des  Institutes  fur  die  Losung  der 
anstehenden  Fragen  nidit  ausreidite  und  seit  1925  auf  den  Bau  eines 
Spezialinstitutes  dringendst  hingewiesen  werden  mufite.  Erst  1941  konnte 
die  Reidisanstalt  fiir  Vitaminforsdiung  mit  SCHEUNERT  als  Prasidenten 
provisorisdi  auf  dem  Gelande  des  Veterinarphysiologisdien  Institutes  ge- 
grundet  werden;  zwei  Jahre  spater  fiel  sie  durdi  einen  Fliegerangriff  der 
restlosen  Zerstorung  anheim.  Es  kann  als  tragisdi  hingestellt  werden,  daB 
bis  zur  endlidien  Verwirklidiung  der  Idee  SCHEUNERTS,  der  Bau  eines 
modemen,  arbeitsfahigen  Spezialinstitutes  in  Potsdam-Rehbriidee,  fast 
25  Jahre  verstreidien  mufiten. 

Die  Weiterfiihrung  aller  Arbeiten  sdiien  in  Gefahr  zu  sein,  als  nadi  dem 
Zusammenbrudi  SCHEUNERT  unfreiwiUig  nadi  Weilburg/Lahn  verfiigt 
wurde,  als  Monate  unertr&glidi^i  MiiBigseins  verstridien.  Voruberg'ehende 
Lehrtatigkeit  in  Giefien  liefien  Gedanken  und  Verbindungen  mit  dem  alten 
Institut  in  Leipzig  nie  abreiBen.  Am  1.  April  1948  konnte  SCHEUNERT 
seinen  neuen  Aufgabenbereidi  als  Leiter  des  ^Institutes  fiir  Ernahrung 
und  Verpflegungswissensdiaft"  iibemehmen  und  wenig  spater  audi  die 
Leitung  der  „Anstalt  fiir  Vitaminforsdiung  und  Vitaminpriifung".  Die 
Bedeutung  SCHEUNERTS  bereits  in  den  Anfangen  der  Vitaminforsdiung 
erhellt  die  Vertretung  Deutsdilands  zusammen  mit  WINDAUS,  Gottingen, 
auf  der  ersten  Vitaminkonferenz  des  Volkerbundes  1931  in  London. 

Die  wissensdiaftlidie  Arbeit  SCHEUNERTS,  bis  1920  vornehmlidi  physio- 
logisdier  Art,  konzentrierte  sidi  nadi  der  stiirmisdien  Entwidtlung  der 
Vitaminforsdiung  in  den  nadisten  Jahren  u.  a.  auf  die  Feststellung  des 
Vitamingehaltes  von  Nahrungs-  und  Futtermitteln  und  damit  im  Zusam- 
menhang,  auf  die  Haltbarkeit  der  Vitamine  dieser  Nahrungsmittel  bei  der 
Verarbeitung.  Ausgedehnte  Untersudiungen  wurden  iiber  den  Wert  der 
Rohkostnahrung  angestellt  und  laienhafte  Ubertreibungen  auf  Grund  urn- 
fangreidier  Tierversudie  beriditigt.  Einen  entsdieidenden  Verdienst  hat 
sidi  SCHEUNERT  audi  bei  der  riditigen  Einsdiatzung  der  Mineralstoff- 
dungung  erworben,  deren  Gegner  ihr  einen  sdiadigenden  Einflufi  auf  den 
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Organismus  zusduieben.  Den  Angriffen  gegen  das  Dilngen  mit  Handels- 
dungem  konnte  er,  auf  jahrelange  Tierversudie  experimentell  gestiitzt. 
energisdi  entgegentreten  und  so  groBeren  wirtsdiaftlidien  Sdiaden  ver- 
hindern  helfen.  In  Verfolg  dieser  Arbeiten  wurde  audi  der  Einflufi  der 
Diingung  auf  den  Gehalt  verschiedener  Vitamine  der  Pflanzen  untersudit. 

Es  hat  an  zahlreidien  Ehningen  dieses  erfolgreidien  Sdiaffens  nicht  ge- 
fehlt;  bereits  Mitglied  der  Akademie  der  Naturforsdier  in  Halle,  der 
Sadisisdien  Akademie  der  Wissensdiaften  und  Inhaber  der  Max-Eyth- 
Medaille,  wahlte  ihn  1941  die  kgl.  schwedisdie  Akademie  der  Landwirt- 
sdiaft  in  Stockholm  zu  ihrem  auswartigen  Mitglied.  Zum  65.  Geburtstag 
wurde  SCHEUNERT  die  Goethe-MedaiUe  fiir  Kunst  und  Wissensdiaft  ver- 
liehen.  1951  wurde  er  mit  dem  Nationalpreis  ausgezeidinet  und  zum  Mit- 
glied und  Vizeprasidenten  der  Deutsdien  Akademie  der  Landwirtsdiafts- 
wissensdiaften  gewahlt.  1953  nahm  ihn  die  Deutsche  Akademie  der 
Wissensdiaften  in  ihre  Reihen  auf.  Die  Vielseitigkeit  seines  Sdiaffens 
fand  ihren  Niedersdilag  in  iiber  500  wissensdiaftlidien  Abhandlungen, 
Handbudiartikeln  u.  a.  m. 

Die  Entwidclung  und  der  Ausbau  der  Rehbriidcer  Institute  sind  das  Ergebnis 
und  ein  Spiegel  der  Arbeiten  und  Erfahrungen  ARTHUR  SCHEUNERTS. 
Alle  naturwissensdiaftlidien  Disziplinen  sind  in  Abteilungen  fiir  Getreide-i 
Fett-  und  Starkeforsdiung  diemisdi-analytisdien,  bakteriologisdien,  land- 
wirtsdiaftiidien,  biologisdien,  pharmazeutisdi^physiologisdien,  histo- 
logisdien,  kodiwissensdiaftlidien,  emahrungswirtsdiaftlidien  u.  a.  Abtei- 
lungen in  Forsdiung,  Untersudiung  und  Lehre  tatig.  Die  erstmalige  Ver- 
kniipfung  der  diemisdien,  biologisdien  und  mikrobiologisdien  Vitamin- 
bestimmung  wurde  in  hervorragender  Weise  erreidit.  Eine  klinisdie  Ab- 
teilung  mit  Krankenstation  ist  1954  fertiggestellt  worden. 

Mit  seinem  in  der  heutigen  Zeit  der  Spezialisierung  selten  umfangreidien 
Wissen  und  seiner  Erfahrung  ist  Prof.  A.  SCHEUNERT  alien  Sdiulern  und 
Mitarbeitem  ein  unsdiatzbarer  Lehrer  und  Wegweiser. 

Des  Funfundsiebenzigjahrigen  gedenken  wir  in  bewundernder  Anerken- 

nung  und  dankbarer  Verehrung  und  wiinsdien  ihm  nodi  redit  viele  Jahre 

gleidibleibender  Gesundheit  und  Sdiaffensfreude.  ^   ^  ^    . 

G.  Marten 
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Aus  dem  Institut  fur  Gartenbau  Grofibeeren 
der  Deutsdien  Akademie  der  Landwirtsdiaftswissensdiaften 

zu  Berlin 

und  der  Anstalt  fiir  Vitaminforsdiung 
Potsdam-Rehbriicke 

Von  Th.Geifiler,  K.  Nickisch  und  H.  Haenel 


Bei  den  vielerorts  auftretenden  Sdiwierigkeiten  hinsiditlidi  der  Erd- 
besdiaffung  sowie  durdi  Verseudiung  der  Kulturerden  mil  Schadlingen 
gewinnen  fiir  den  Gemiisebau  unter  Glas  die  versdiiedenen  Verfahren 
der  Hydrokultur,  d.  h.  der  erdelosen  Kulturmethoden  mimer  mehr  an  Be- 
deutung  (1,  2,  3,  4).  Es  wurden  deshalb  im  Institut  fiir  Gartenbau  in  Grofi- 
beeren Versudie  durdigefiihrt,  die  einen  moglidist  exakten  Vergleidi  des 
Wertes  versdiiedener  Kulturverfahren  unter  unseren  Verhaltnissen  ermog- 
lidien  sollten.  Es  wurden  dabei  nidit  nur  die  Hohe  der  erzielbaren  Ertrage, 
sondern  audi  die  Wirtsdiaftlidikeit  der  Verfahren  sowie  der  ernahrungs- 
wirtsdiaftlidie  Wert  der  erzeugten  Gemiise  in  den  Bereich  der  Unter- 
sudiungen  gezogen,  der  bei  Friihgemiise  von  besonders  aussdilaggebender 
Bedeutung  ist.  Letztere  Untersudiungen  wurden  in  der  Anstalt  fiir  Vitamin- 
forsdiung in  Potsdam-Rehbriidte  durdigefiihrt. 

Aus  versudistedinisdien  Griinden  muBte  die  Zahl  der  Varianten  besdirankt 
bleiben,  es  wurden  in  Vergleidi  gesetzt  das  Tankverfahren,  das  Mineral- 
stauverfahren  und  eine  iiblidie  Erdkultur.  Als  Versudispflanze  wurde  die 
Treibgurke  gewahlt,  da  diese  Kultur  von  den  Gemiisen  unter  Glas  die 
hodisten  Fladienertrage  und  audi  Einnahmen  bringt,  weiterhin  besonders 
ansprudisvoll  in  bezug  auf  Nahrstoffversorgung  und  audi  andere  Wadis- 
tumsfaktoren  ist  und  weil  bei  ihr  im  allgemeinen  besondere  Sdiwierig- 
keiten bei  der  Erdbesdiaffung  bestehen,  eine  Hydroponikkultur  also  als 
besonders  zwedcmaBig  ersdieint.  Die  Versudie  sollen  jedodi  spater  audi 
nodi  auf  andere  Gemiisearten  ausgedehnt  werden. 

a)  Besdireibung  der  Versuctisanlage 

Die  Kultur  erfolgte  in  Trogen  aus  Holz,  die  ra.it  1  mm  starker  Vinidurfolie 
ausgekleidet  waren.  Die  InnenmaBe  dieser  Troge  waren  150  X  72  X  24  cm, 
fiir  jede  Versudisfrage  waren  4  Parzellen  vorhanden,  die  in  der  Reihen- 
folge  Mineralstaukultur,  Tankkultur,  Liidte  fiir  Erdkultur  und  so  fort  im 
Gewadishaus  Aufstellung  fanden  (Abb.  2).  Die  Troge  wurden  selbst  aus 
Brettern  hergestellt  und  mit  Vinidurfolie  ausgelegt,  die  mit  PC-Kleber  ver- 
klebt  und  an  den  Nahten  versdiweiBt  wurde. 

Die  Aufstellung  der  Anlage  erfolgte  in  einem  Sdiiff  von  3,60  m  Breite 
eines  Gemiiseblodcs,  das  durdi  Glaszwisdienwande  abgetrennt  war.  Das 
Sdiema  der  angewendeten  Verfahren  ist  aus  Abb.  1  zu  ersehen.  Alle 
Kulturbedcen  wurden  aus  einem  Vorratsbehalter  mit  den  Innenmafien 
150  X  72  X   100  cm  mit  Nahrlosung  gespeist,  der  in  gleidier  Weise  aus 
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Brettern  und  Vinidurfolie  hergestellt  und  an  der  Stimseite  des  Gewachs- 
hauses  in  den  Boden  eingesenkt  war,  so  da5  seine  Oberflache  tief er  als  der 
Boden  der  Kulturbecken  lag,  die  auf  der  Erdoberfladie  zwisdien  zwel  Heiz- 
rohren  standen.  Der  Vorratsbehalter  war  gegen  Versdimutzung  und  Ver- 
algiing  mil  einem  Holzdeckel  nadi  aben  abgedeckt. 

Mil  einer  Kleinpumpe  (Fabrikat  „Hobby"  0,5  KW,  Abb.  3)  wurde  die 
Nahrlosung  iiber  Vinidurrohre  von  1  Zoll  0  in  die  Kulturbecken  gepumpt. 

Mineralstaukuhur 


■  -km.  ^Zu.u.Ak*A  \  VaiMlhMalMlit 


\ 


Tanklcultur 


Abb  1.  Sdiema  der  verwendeten  Hydroponikanlagen 

Zu  den  angewendeten  Verfahren  ist  zu  sagen,  daB  versudit  wurde,  eine 
Losung  zu  linden,  die  bel  relativ  geringem  tedinisdien  Aufwand  den 
physiologisdien  Bediirfnissen  der  Pflanze  weitgehend  Redinung  tragi. 

Bei  der  Tankkultur,  bei  der  die  Wuizeln  der  Pflanzen  direkt  in  den 
mit  Nahrlosung  gefiillten  Behalter  (Tank)  hineinragen,  wurde  versudit, 
vor  allem  die  Durdiliiftung  und  standige  Erganzung  der  Nahrlosung  zu 
verbessem.  Es  wurde  dazu  zunadist  zweimal,  spater  dreimal  taglich  aus 
dem  Vorratsbehalter  frisdie  Nahrlosung  zugepumpt,  wahrend  gleidizeitig 
die  verbraudite  Nahrlosung  durdi  ein  Uberlaufrohr  (aus  Igelitsdilaudi), 
das  auf  versdiiedene  Hohen  verstellbar  war,  um  damit  den  Wasserspiegel 
gemafi  den  Bediirfnissen  der  Pflanze  verandem  zu  konnen,  in  den  Vor- 
ratsbehalter zuriickflieBen  konnte.  Der  ZufluB  erfolgte  liber  ein  Steigrohr 
mit  einer  5-mm-Duse,  so  daB  die  Nahrlosung  als  feiner  Strahl  auf  einer 
Fallstrecke  von  40  cm  durdi  die  Luft  verspruht  wurde.  Dadurdi  erfolgte 
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pflanzung.  Im  Laufe  der  Kultur  wurden  etwa  100  1  Gurkenerde  je  Pflanze 
nach  und  nadi  aufgefullt,  wenn  die  Gurkenwurzein  die  Erdoberfladie  er- 
reiditen,  um  ein  moglidist  optimales  Wadistum  zu  erzielen. 


b)  Die  Nahrlosung 

Es  wurde  hier  zunadist  an  die  Zusammensetzung  angekniipft,  die  von 
Ringwald  und  Doring  (1)  angegeben  wurde.  Als  Wasser  fand  das  Lei- 
tungswasser  des  Institutes  Verwendung,  das  aufierordentlidi  kalkreidi  ist 
(275  mg  CaO/1),  so  dafi  der  Kalkzusatz  zur  Nahrlosung  verringert  werden 
konnte.  Die  Nahrlosung  war  fiir  beide  Verfahren  die  gleidie;  sie  hatte  eine 
Konzentration  von  2  Promille  und  enthielt  je  Liter 

101,0  g  Kalisalpeter  0,2    g  Mangansulfat 

73,2  g  Superphosphat  0,17  g  Borax 

12,0  g  Magnesiumsulfat  0,08  g  Zinksulfat 

1,4  g  Eisensulfat  0,06  g  Kupfersulfat 

was  einem  Spiegel  von  etwa  160  mg  N  (als  NOs)  je  Liter 

450  mg  K2O 
150  mg  P2O6 

entsprach.  Von  den  betreffenden  Salzen  wurden  Stammlosungen  angesetzt, 
die  enthielten 


Vk 

= 

202,0 

g  Kaliumnitrat 

je 

Liter 

• 

146,4 
240,0 

g  Superphosphat 
g  Mstgnesiumsulfal 

IT 

If 
If 

(wobei  die  unloslidien  Bestand- 
teile  abgefiltert  wurden). 

Vspu 

14,0 
2,0 
1,7 
0,8 
0,6 

g  Fet2(S04)8 
g  MnS04 
g  Borax 
g  ZnS04 
g  CuS04 

If 

If 

Je  Liter 

Gebraudislosung  wurde 

von 

den 

Stammlosungen  zugesetzt: 

5     cm«        Vj^ 

5     cm*        V^ 

p 

1     c™*       Vsp„ 

0,5  cin»        v^g 

Aufierdem  wurde  konzentrierte  Sdiwefelsaure  zugesetzt,  bis  die  Reaktion 
der  Nahrlosung  pH  5,8  betrug,  da  die  Nahrstoffaufnahme  in  diesem  Be- 
reidi  am  giinstigsten  ist  (1).  Es  wurde  von  Anfang  bis  Ende  die  gleidie 
Nahrlosung  benutzt,  deren  Nahrstoffgehalt  wodientlidi  einmal  er- 
mitt€lt  wurde.  Es  wurden  dabei  moglidist  einfadi  zu  handhabende  SdineU- 
methoden  angewendet.  Es  wurden  jeweils  N  als  NOs  nadi  J.  KrauB  (kolori- 
metrisdi  durdi  Anfarben  mit  Phenoldisulfosaure),  P2O5  kolorimetrisdi 
durdi  Anfarben  mit  Ammoniummolybdatlosung  nadi  Zusetzen  von  Photo- 
rex-Reduktionslosung,  sowie  K2O  flammenphotometrisdi  bestimmt.  AuBer- 
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dem  wurde  das  spezifisdie  Gewicht  pyknometrisdi  sowie  der  Titrations- 
wert  bis  pH  5,8  mit  der  Platin-Chinhydronelektrode  ermittelt;  letzteres 
wurde  alle  zwei  Tage  durdigefiihrt.  Spater  wurde  auf  die  Titration  ver- 
ziditet  und  nur  der  pH-Wert  gemessen.  Es  ergab  sidi,  daB  in  dem  be- 
stehenden  System  je  0,1  pH  iiber  pH  5,8  10  cm'  konz.  H«S04  zugesetzt 
werden  muBte,  um  in  den  gewiinsditen  Reaktionsbereich  zu  kommen.  In 
der  Zeit  des  starksten  Wadistums  wurde  statt  mit  H2SO4  mit  HNOs  an- 
gesauert,  um  den  N-Spiegel  entsprediend  hodihalten  zu  konnen. 

Je  nadi  dem  ermittelten  Nahrstoffverbraudi  wurden  die  entspredienden 
Mengen  der  Stammlosungen  in  den  Vorratsbehalter  zugesetzt,  um  den 
Nahrstoffspiegel  immer  auf  der  oben  erwahnten  Hohe  halten  zu  konnen. 
Es  erwies  sidi  dabei,  daB  nadi  einsetzendem  Wadistum  der  Gurken  N,  lOO 
und  P2O5  wochentlidi  ungefahr  zur  Halfte  verbraudit  worden  waren.  Das 
gesamte  System  enthielt  1800  1  Nahrlosung;  im  Verlauf  der  Kultur  vom 
12.  Marz  bis  15.  September  wurden  insgesamt  109  1  der  Stammlosung 
Vk  mit  Insgesamt  3052  g  N  und  9483  g  KfcO  sowie  114  1  der  Stammlosung 
Vp  mit  33^  g  P2O5  verbraudit.  Dabei  mufi  darauf  hingewiesen  werden, 
daB  diese  Mengen  nidit  genau  dem  unmittelbaren  Nahrstoffverbraudi  der 
Pflanzen  entspredien,  da  infolge  tedmisdier  Unvollkommenheiten  der  An- 
lage  geringe  Nahrlosungsmengen  aus  dem  gesdilossenen  System  verloren 
gingen.  Die  tatsSdilldien  Ertragswerte  der  Pflanzen  durften  aber  nur  wenige 
Prozente  unter  den  angegebenen  Werten  liegen.  Der  zeitlidie  Verlauf  der 
Nahrstoffzugabe  ist  in  Abb.  6  zu  ersehen.  Magnesium  und  Eisen  wurden  zu- 
nadist  alle  28  Tage,  spater  alle  14  Tage  zugesetzt.  (Fe  wurde  daher  aus  der 
Spurenelementlosung  herausgenommen  und  mit  der  VMg  zusammengege- 
ben.)  Es  wurden  insgesamt  9  1  Vmb  oder  360  g  MgV  und  49  g  FetOz  gege- 
ben.  Von  der  Spurenelementlosung  wurde  alle  28  Tage  1  1  zugesetzt,  ins- 
gesamt 6  1.  Eine  Kalkzufuhr  erwies  sldi  auf  Grund  der  Wassereigenart  nidit 
als  notwendig.  Das  verdunstete  bzw.  verbraudite  Wasser  wurde  taglldi  bis 


V«rlaiil  d«r  NAhrtloffxugab* 


Abb.  6. 

Summe  der  zugesetzten 
Stammlosungen 

Vk  :  1  1  =  28  g  N  und  87  g 
KtO 

Vp  :  1  1  =  29,3  g  P2O6 

VMg  :  1  1  =  40  g  MgOund 
5,6  g  FejOs 

Vsp :  1  =  0,72  g  Mn,  0,34  g  B, 
0,2  g  Cu.  0,32  g  Zn. 


12.111.  24.  7.1V.  21.  5.V.   19.  2.VL  16.    30.  U.  VII.  2a  1 1  .Vlli.  25.  6.  IX.  22 


VMc 


-  VapiL 
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T«nip«ratuf>«rlouf 


nugend  Z.eit  zum  Anwarmen  vornanden  war. 


c)  Kulturverlaul 

Die  Kultur  erfolgte  mil  Treibgurken  der  Sorte  ^Spotresisting"  als  der 
iiblidisten  fiir  die  Friihkultur.  Sie  wurden  am  9.  Januar  1953  ausgesat,  am 
15.  Januar  in  den  8-cm-Topf  getopft,  am  11.  Februar  in  den  10-cm-Topf, 
am  26.  Februar  in  den  13-cm-Topfr  am  13.  Marz  wurde  (etwas  ver- 
spatet,  da  die  Anlage  nidit  friiher  fertig  geworden  war)  ausgepflanzt.  Alle 

Pflanzen  wurden  in  ublicher  Gurken- 
erde  angezogen.  Der  Pflanzenabstand 
betrug  50  cm.  Jede  Parzelle  (je  ein  Kul- 
turbecken  von  1.50  m  Lange)  umfafite 
drei  Pflanzen,  also  insgesamt  12  X  3 
=  36  Pflanzen  standen  im  Versudi.  An 
belden  Stirnseiten  des  Hauses  stan- 
den je  drei  Pflanzen  auBer  Versudi 
als  Rand,  sowie  jeweils  zwischen  den 
Hydroponik-  und  den  Erdparzellen 
eine  Trennpflanze,  um  fiir  letztere  den 
Wurzelraum  zu  begrenzen.  Der 
Sdmitt  und  die  sonstige  Pflege  er- 
folgten  in  der  iiblidien  Weise,  d.  h. 
Stammgurken  wurden  entfemt  und  die 
Seitentriebe  nach  dem  zweiten  Blatt 
gestutzt.  In  der  letzten  Kulturperiode 
wurde  dann  nur  nodi  ein  Auslidi- 
tungssdmitt  durdigefiihrt.  Da  dauemd 
mit  einem  Befall  an  Blattlausen  und 
Roter  Spinne  zu  kampfen  war,  wurde 
in  regelmafiigen  Abstanden  (minde- 
stens  einmal  wodientlidi)  mit  Hydra- 
nikotin  und  Erysit  gespritzt.  Dadurdi 
gelang  es  audi,  die  Sdiadlinge  zuriidczuhalten,  wenn  audi  nidit  vollig  zu 
verniditen. 


1?.  III.  1.1V.        l.V.  5.  VI 

—  Luir        MiiMRilk. 


5.  Vn.      4.  VIII.      3.  IX. 
Tankk.    Erdk. 


Abb.  7.  Dberblidc  liber  den  Verlauf 
der  Luft-  und  Baden-  (bzw.  Wasser-) 
Temperaturen  (Summe  der  Pentaden- 
mittel) 


Bald  nadi  der  Pflanzung  setzte  ein  flottes  Wadistum  ein,  wobei  die  MineraU 
kulturpflanzen  sdinell  einen  deutlidien  Vorsprung  erzielten  (Abb.  9  und 
10),  wahrend  die  Tankkulturpflanzen  am  langsten  br  audi  ten,  sidi  mit  den 
neuen  Verhaltnissen  abzufinden.  Um  eine  gute  Durdiwurzelung  des  Auf- 
lagemooses  zu  erzielen,  wurde  dieses  mehrmals  taglidi  gespritzt  und  audi 
ofter  mit  Nahrlosung  aus  dem  Bedcen  angefeuditet.  Dadurdi  wurde  eine 
sehr  didite  Durdiwurzelung  des  gesamten  Moosbettes  in  voller  Breite  er- 
zielt,  so  daB  sidi  die  senkredit  in  die  Nahrlosung  entwideelnden  Faser- 
wurzeln  iiber  die  gesamte  Bedcenbreite  gleidimaBig  verteilten  (Abb.  8) 
und  die  Bildung  der  sogenannten  Wurzelbarte  in  der  Bedtenmitte  ver- 
mieden  wurde.  Der  Wassersplegel  wurde  spater  auf  etwa  5  cm  Abstand 
von  der  Moosauflage  gesenkt.  Nadi  voUiger  Durdiwurzelung  begannen  die 
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Tankkulturpflanzen    bald    aufzubolen,    ohne    aber  die  Fruhzeitigkeit  der 
Mineral-  und  Erdkulturpflanzen  ganz  erieicfaeii  zu  konnen  (Ab.  11). 
Um  eineD  Dberblick  Ober  die  Tempera turverh&ltnisse  zu  bekommen, 
wurde  taglidi  in  jeder  Parzelle  Luft-  und  Boden-  bzw.  Wassertemperatui 
geroessen.  Die  Messung  etfolgte  tSglidi  einmal  um  6  Uhr,  da  frdh  die  aus- 


Abb.  11.    Blidc  au/  Anlage  53  Tage  nadi  der  Pflanzung 

geglidiensten  Temperaturverh^ltnisse,  unbeeioflufit  von  Einstrahlung  usw., 
herrsclien.  Um  die  Werte  von  zufalligen  Sdiwankungea  zu  befieien,  wui- 
den  die  Pentadenmittel  aller  vier  ParzeUen  gebildet.  Eineo  Dberblidt  ilber 
den  Temperaturverlauf  und  die  Differenz  zwisdien  Liift-  und  Bodentempe- 
ratur  ergibt  die  Stimmenkurve  der  Pentadenmittel,  die  in  Abb.  7  zu  sehen 
ist  Die  Endsummen  wahrend  der  gesamten  Kulturdauer  betrugen 
Luft  935,1°  die  mittlere  Temperatur  25,3° 

Erdkultur  823,7°     .  .  .  22.3° 

Mineralkultut         805,7°     .  „  „  21,8° 

Tankkultur  788,0°     .  „  „  21.3° 

Es  zeigte  sidi  also,  daB  die  Boden-,  d.  b  Wassertempeiaturen  bei  der  Tank- 
kultur am  niedrigsten  waren,  dann  folgten  die  der  Mineralkultur.  am 
bocfasten  war  sie  in  der  Erdkultur.  Die  Untersdiiede  waren  nidit  groB, 
jedodi  konnen  sie  sidi  bei  der  Empfindlidikeit  der  Treibgurke  duidiaus 
auswirken.  Bei  Betraditung  des  Temperaturverlaufes  fallt  auf,  dafl  die 
Differenz  zwisdien  Mineral-  und  Tankkultur  in  den  ersten  Kulturmonaten 
entstand  (Temperatursummen  bis  10.  Juni;  Mineralkultur  410,7°,  Tank- 
kultur 367,3°),  wahrend  spater  in  den  Sommermonaten  keine  nennens- 
werten  Untersdiiede  mehr  auftraten.  Der  Vorsprung  der  Erdkultur  war 
dagegen  unabhangig  von  der  Jahreszeit. 

Der  Ertrag  setzte  am  8.  April,  25  Tage  nadi  der  Pflanzung  ein.  Die  Ab- 
erntung  wurde  zwei-  bis  dreimal  wodientlidi  vorgenommen;  es  wurde  im 
marklublidien  Stadium  (etwa  500  g  je  Gurke)  gesdinitten.  Die  absolute 
Ertragshohe  wurde  etwas  vermindert  durdi  den  immer  wieder  einsetzeo- 
den  Sdiadlingsbefall  und  die  notwendigen  BekampfungsmaBnahmen.  da 
das  haufige  Spritzen  mit  Sdiadlingsbekampfungsmitteln  leidite  Ertrags* 
depressionen  zur  Folge  hat.  wie  in  anderen  Versudien  unseres  Institutes 
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nadigewiesen  wurde.  Trotzdem  warden  noch  befriedigende  Durdisdinitts- 
ertrSge,  bei  der  Mineralkultur  sogar  noch  daniber  liegende  erzielt.  Eine 
Beeinflussung  des  Schadlingsbefalls  durch  die  Versudisfragen  konnte  nidit 
festgestellt  werden,  so  dafi  dieser  im  folgenden  nidit  weiter  beriicksiditigt 
wird.  Der  Versudi  wurde  am  15.  September  1953  abgebrodien,  weil  die 
Gurkenpflanzen  infolge  der  kiihleren  Witterung  (eine  Heizung  ersdiien 
nidit  mehr  lohnend)  abzusterben  begannen  und  der  Ertrag  nadiliefi.  Audi 
wahrend  der  Kultur  war  ein  teilweises  Abstafien  der  angesetzten  Friidite 
nidit  ganz  zu  verhindem  gewesen.  Ein  Zeidien,  daB  die  optimale  Nahrstoff- 
versorgung  nodi  nidit  gelungen  war,  obwohl  die  Erdkulturpflanzen  mehr- 
mals  eine  Kompostkopfdiingung  sowie  eine  fliissige  Nadidiingung 
(3  Promille  mit  Kalkammonsalpeter  und  sdiwefelsaurem  Ammoniak)  er- 
halten  hatten  und  bei  den  Hydroponikpflanzen  der  Nahrstoffspiegel  der 
Nahrlosung  wodientlidi  erganzt  wurde.  Es  sollen  spater  diesbeziiglidie 
Untersud)ungen  zur  Klarung  dieser  Fragen  durdigefiihrt  werden. 

Weiterhin  ist  nodi  zu  erwahnen,  daB  in  den  Mineralkulturparzellen  die  zu 
vorderst  stehenden  Pflanzen  im  Laufe  des  August  abstarben,  indem  der 
Wurzelhals  durdifaulte.  Es  konnte  dies  auf  forwahrende  Benetzung  des 
Wurzelhalses  mit  Nahrlosung  beim  Anstauen  zuriidtgefuhrt  werden,  so 
dafi  bei  spateren  Aniagen  darauf  zu  aditen  ist,  audi  in  den  Quarzkies  eine 
Art  Hiigelpflanzung  vorzunehmen,  um  das  Benetzen  des  Wurzelhalses  zu 
verhindem. 

Alle  Pflanzen  wurden  wahrend  der  heifien  Sommertage  haufig  mit  an- 
gewarmtem  Wasser  bespritzt,  um  ein  zu  hohes  Ansteigen  der  Tempera- 
turen  zu  vermeiden.  Es  wurde  im  Laufe  des  Sommers  dann  eine  Gewadis- 
hausberegnung  eingebaut,  die  in  l-mm-Diisen  im  First  des  Gewadishauses 
einen  feinen  Wasserstaub  erzeugte,  der  sidi  gut  anwarmte  und  so  die 
notige  Luftfeuditigkeit  mit  geringem  Arbeitsaufwand  (die  Anlage  wurde 
zentral  bedient)  erhalten  werden  konnte.  Ab  Juli  wurden  die  Gewadis- 
hauser  durdi  Aufspritzen  von  Mehlkleister  sdiattiert. 

d)  Ertragsfeststellungen 

Die  Abemtung  erstredtte  sidi  auf  den  Zeitraum  vom  8.  April  bis  19.  Sep- 
tember, also  160  Tage,  wahrend  die  Gesamtkulturdauer  185  Tage  be- 
trug.  Es  wurden  folgende  Ergebnisse  erzielt  je  Parzelle  (drei  Pflanzen): 


Stiidc 

Gewidit  in  kg                    in  % 

Mineralkultur 

Tankkultur 

Erdkultur 

172 
142 
134 

72,89   ±   0,97                        131 
55,49   ±   0,52                        100 
55.48   ±    1.30                        100 

Die  statistisdie 

Sidierung  der  Ertragsdifferenz  war  folgende: 

Mineralkultur                         Tankkultur 
t                  p  »/o                      t                p  o/o 

Tankkultur 
Erdkultur 

9,20 
9.19 

<  0,10                      —              — 

<  0.10                       0               100 
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Der  Mehrertrag  der  Miner alkultur  mit  31  Prozent  1st  also  als  absolut  ge- 
sidiert  anzusehen,  wahrend  Tank-  und  Erdkultur  ertragsgleidi  waren.  Wie 
waren  nun  die  Sortierungsverhaltnisse  (Anteil  an  Gurken  in 
den  GroBenklassen  A I — III,  B I — III  und  C  nadi  den  amtlidien  Sortierungs- 
vorsdiriften): 

«^,,.^„,„„  A  I  A  II  A  III  B  I  B  II 

^omening  g^       j^^  5^      j^^        g^     ^^        ^^       ^^        g^       ^ 

Mineralkultur  78    39,029      22    7,955       1     0,276      28     12,625      22    7,818 

Tankkultur  57     26.387      23    7,966      3    0,924      22      9,903       19    6.315 

Erdkultur  54    26,978      19    6,907      2    0,503      24      9,891       23    8,202 


«     ..  B  III  C  Gesamt  Sortierungs- 

Sortierung  g^        ^^  g^         ^^  g^         j^^  wertzahl 


Mineralkultur 

10 

2,491 

11 

2,693 

172 

72,89 

91.86 

Tankkultur 

9 

2,197 

9 

1,799 

142 

55,49 

91.76 

Erdkultur 

6 

1.509 

6 

1,484 

134 

55,48 

91,80 

Wie  aus  diesen  Zahlen  hervorgeht  und  in  der  zusammenfassenden  Sor- 
tierungs wertzahl  ihren  Ausdruck  findet,  war  die  Sortierung  der  anfallenden 
Emte  im  wesentlidien  gleidiwertig;  es  ergibt  sidi  nur  eine  geringfiigige 
Tendenz  in  der  Riditung,  daB  die  Sortierung  von  der  Mineral-  iiber  die 
Erd-  zur  Tankkultur  abfallt. 

Wie  war  nun  die  Zeitigkeit  der  anfallenden  Ernte,  die  ja  fiir  den  Ver- 
kaufswert  von  Treibgemuse  eine  groBe  Rolle  spielt?  Der  Ertragsverlauf 
ist  aus  Abb.  12  zu  ersehen.  Um  die  ins  Auge  springenden  Untersdiiede  in 
Zahlenwerte  zu  fassen,  wurde  die  Zeitigkeitswertzahl  beredinet,  unter  Zu- 
grundelegung  des  durdisdinittlidien  Kilogranunpreises  (mit  100  multipli- 
ziert),  der  durdi  die  Sortierungswertzahl  dividiert  wurde,  um  den  Sor- 
tierungseinfluB  auf  den  Geldertrag  auszusdialten,  dieser  also  aussdilieBlidi 
von  der  Friihzeitigkeit  beeinfluBt  wurde.  Er  ergaben  sidi  so  folgende  Werte: 


Tatsadilidier  Erlos  in  DM 
Zeitigkeits-  je  je    m«  je  m« 

wertzahl  Parzelle       Hausfladie*)  Bedten**) 


Mineralkultur  1.122 

Tankkultur  1,035 

Erdkultur  1,089 


75.21 

27,86 

66,85 

52,67 

19,51 

46.82 

55,28 

20,59 

Die  Mineralkultur  lag  damit  eindeutig  audi  mit  der  Zeitigkeit  des  Ertrages 
und  damit  dem  Geldertrag  an  der  Spitze,  wahrend  die  Tankkultur  noch 
unter  der  Erdkultur  lag. 


•)    Bei  elner  Hausbreite  von  3,60  m  und  einen  Pflanzenabstand  von  0,50  m  standen 
je  Pflanze  0,90  m*  bzw.  2,70  m*  je  Parzelle  zur  Verfugung. 

••)  BeckengroBe  je  Parzelle   1,125  m*. 
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Abb.  12.   Ertragsverlauf  der  Hydro-  und  Erdkultur 


Abschliefiend  seien  nodi  einmal  die  Ertrage  je  Gurkenpflanze  beredinet 
angegeben  (Standraum  0,90  m*): 


Er  t r  ag 
St.  kg 


E  r  1  OS 
DM 


Mineralkultur 

Tankkultur 

Erdkultur 


57 

24,30 

47 

18,50 

45 

18,49 

25,07 
17,56 
18,33 


Nadi  der  Aberntung  wurden  die  Kulturbecken  durdi  Anstauen  mit  ein- 
prozentiger  Formalinlosung  (24  Stunden  lang)  desinfiziert.  Der  Quarzkies 
wurde  durdi  Auswasdien  iiber  einem  Sieb  von  den  anhaftenden  Wurzel- 
riidcstanden  befreit,  so  daB  er  fiir  die  nadiste  Kultur  wieder  Verwendung 
finden  kann.  Eine  dabei  vorgenommene  Untersudiung  der  Wurzelvertei- 
lung  in  dem  Quarzkies  ergab  folgendes:  In  den  einzelnen  Sdiiditen  be- 
f anden  sidi  folgende  Wurzelmengen  (von  einer  Pflanze) : 


0—  5  cm  = 

174,5  g  = 

40,9  Vo 

5—10  cm  - 

132,6  g  - 

31,0  Vo 

10—15  cm  = 

86,3  g  = 

20,3  Vo 

15 — 20  cm  = 

33,1  g  - 

7,8  Vo 

426,5  g=  100,0  «/t 

Der  Hauptteil  der  Wurzelmassen  befand  sidi  in  den  obersten  Sdiiditen,  so 
daB  die  Bedcentiefe  eventuell  nodi  etwas  verringert  werden  konnte.  In 
einigen   Erdparzellen   war    zum    SdiluB    der   Kultur    leider    ein    geringer 
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kein  Befall  zu  ermitteln.  Infolge  der  guten  Desinfektionsmoglidikeiten  in 
den  Kulturbecken  und  dem  Quarzkies  lassen  sidi  aber  derartige  Befall- 
stellen,  die  durdi  die  aus  Versudisgriinden  bedingte  Misdikultur  von  Erd- 
und  Hydroponikparzellen  venirsadit  wurden,  leidit  aussdialten  und  ent- 
seudien. 

e)  Erndhrungswirtsdiaftlidie  Unterauchungen 

Zur  Feststellung,  ob  die  unter  versdiiedenen  Anbaubedingungen  ge- 
zogenen  Gurken  sidi  biologisdi  von  einander  untersdieiden,  wurden 
wahrend  der  Erntezeit  wodientlidi  zweimal  groBere  Misdiproben  von 
mehreren  Gurken  in  der  Anstalt  fiir  Vitaminforsdiung  und  Vitaminpriifung 
Potsdam-Rehbriicke  in  dieser  Riditung  untersudit.  Es  wurde  in  ihnen  der 
Gehalt  an  ^-Carotin  ermittelt,  feraer  ihr  Gehalt  an  einer  Anzahl  von 
Vitaminen  der  B-Reihe,  wie  B2,  Nikotinsaure  und  Nikotinsaureamid,  Pan- 
tothensaure,  Biotin,  Cholin,  Folsaure,  Ba-Komplexe  und  Bi2,  sowie  an  As- 
corbinsaure.  Von  einer  Ermittlung  des  Stidcstoffes  wurde  wegen  der  zu 
erwartenden  gehngen  Mengen,  die  praktisdi  ohne  Bedeutung  sein  diirften, 
zumal  ein  Teil  des  Stickstoffs  sidier  als  Amidstidcstoff  vorliegt,  abgesehen. 
AuBerdem  wurde  von  den  Gurken  der  Trockensubstanzgehalt  bestimmt. 

Um  ihre  moglidierweise  untersdiiedlidie  biologisdie  Wirksamkeit  zu  er- 
mitteln, wurden  die  Gurken  der  versdiiedenen  Anbaubedingungen  audi 
im  Tierversudi  gepriift,  und  zwar  an  wadisenden  Albinoratten. 

Die  Bestimmung  des  A-Carotins  erfolgte  diromatographisdi,  die  der  Vita- 
mine  der  B-Reihe  wurde  bakteriologisdi  vorgenommen. 

Wie  die  folgende  Tabelle  ausweist,  untersdieiden  sidi  die  Gurken  in  ihrem 
Gehalt  an  Trodcensubstanz  praktisdi  kaum  von  einander. 

Mineralkultur  3,37  Vo  Tr.S. 

Tankkultur  3,60  Vo  Tr.S. 

Erdkultur  3,36  Vo  Tr.S. 

Er  ist  in  alien  Fallen  sehr  gering  und  entspridit  durdiaus  den  bei  soldi 
stark  wasserhaltigen  Friiditen  iiblidien  Werten.  Audi  der  Carotingehalt 
der  Gurken  weist  gute  Ubereinstimmung  auf. 

Mineralkultur  21,6  Gamma/  100  g  Frisdisubstanz 

Tankkultur  22,9  Gamma/ 100  g  Frisdisubstanz 

Erdkultur  17,9  Gamma/ 100  g  Frisdisubstanz 

Die  Gurken  sind  in  dieser  Hinsidit  als  fast  gleidiwertig  anzusehen;  eine 
leidite  Unterlegenheit  der  Erdkulturpflanzen  ist  angedeutet.  Im  Vergleidi 
mit  den  Angaben  anderer  Autoren  sind  die  gefundenen  Werte  aber  nidit 
als  hodi  zu  bezeidinen.  So  gibt  Reinhold  (5)  beispielsweise  fiir  Gurken 
einen  A-Carotingehalt  von  0,1  mg  pro  100  g  an,  bei  einem  Trodcensubstanz- 
gehalt  von  3,70  Prozent.  Und  Winkelmann  (6)  spridit  in  seiner  Tabelle 
iiber  den  Vitamingehalt  der  Nahrungsmittel  von  etwa  0,2  mg  Carotin  in 
den  Gurken. 
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Die  nadiste  Ubersidit  enthalt  die  Ergebnisse  der  bakteriologisdien  Priifung 
der  Gurken  hinsiditlidi  ihres  Gehaltes  an  den  oben  genannten  Vitaminen 
der  B-Reihe. 


Mine- 

ral- 
kultur 

Tank- 
kultur 

Erd- 
kultur 

Mineralkultur 

Stiel-     Bliiten-    ^^.^ 
teil          teil        S*^^^ 

Kelm 

B^ 

0,08 

0.09 

0.09 

0,07 

0,13 

0,18 

L.casei 

Nikotinsaure  u, 

Nikotinsdure- 

amid 

1.2 

1,2 

1 

1 

1,4 

1.8 

L.arabinostifi 

Pantotfaensaure 

1.9 

2,1 

1.8 

2 

1.9 

3,5 

L.arabinosus 

Biotdn 

0.01 

0.01 

0.009 

0.007 

0,013 

0,018 

L.arabinosus 

Cholin 

48 

45 

45 

31 

54 

• 

36 

Neurospora- 
crassa 

Fols£iure 

0.012 

0.009 

0.011 

Strept.  faecalis 

Be-Komplex 

1 

0.3 

0.4 

0.3 

Neurospora 
sitophila 

Bl2 

0.00012 

0.0001 

0.0001 

L.  leidimannii 

Alle  Werte  sind  in  Mikrogramm  (=  0,000  001  g)  angegeben. 

Neben  der  Untersudiung  der  Gurke  als  Ganzes  wurden  hier,  und  zwar 
nur  bei  den  Gurken  der  Mineralkultur.  audi  einzelne  Absdinitte  der  Gurke 
auf  ihren  Vitamingehalt  hin  gepriift.  und  zwar  der  Bliiten-  und  der  Stiel- 
teil,  sowie  die  Sdiale.  Als  Stielteil  wurden  dabei  die  dem  Stiel  der  Frudit 
nadistgelegenen  10 — 15  g.  einsdilieBlidi  der  Sdiale,  als  Bliitenteil  die 
10 — 15  g  an  der  Spitze  der  Frudit,  aufgefafit.  Mit  Sdiale  ist  hier  die  Ober- 
fladie  der  Gurke  gemeint.  soweit  sie  sidi  durdi  die  dunklere  Farbe  vom 
Fleisdi  untersdieidet. 

Die  hier  angegebenen  Werte  beziehen  sidi  auf  Frisdisubstanz.  Dabei  be- 
trug  der  Trodcensubstanzgehalt  vom  Durdisdinitt  Bliiten-  bzw.  Stielteil 
3,5  Prozent  und  der  der  Sdiale  4,5  Prozent. 

Die  durdi  Extraktion  freigesetzten  Vitamine  wurden  mit  den  in  der  Uber- 
sidit iangefiihrten  Testkeimen  bestimmt.  (Methoden  s.  Methods  of  Vitamin 
Assay  Interscience  Publishers  New  York  1951  und  Wiss.  Mitt.  Geb.  Le- 
bensmittelunters.  Hyg.  41,  225.  1050.) 

Eine  Ausnahme  madite  das  Biotin.  Bei  der  sonst  iiblidien  Verwendung  von 
6-n-Sdiwefelsaure  wurde  das  in  den  Gurken  vorhandene  Biotin  bis  auf 
geringe  Spuren  zerstort.  Dagegen  erhielten  wir  bei  der  Extraktion  mit 
n-Sdiwefelsaure  reproduzierbar  die  in  der  Tabelle  angegebenen  Werte. 
Vielleidit  liegt  das  Biotin  in  der  Gurke  in  einer  Form  vor,  die  der  hoher 
konzentrierten  Sdiwefelsaure  eine  Zerstorung  der  Wirkstoffe  erlaubt. 

Die  Fehlergrenze  mikrobiologisdier  Vitaminbestimmungen  wird  mit  etwa 
±10  Prozent  angegeben.  In  diesem  Rahmen  und  bei  Beriidcsiditigung  in- 
dividueller  Sdiwankungen  untersdieiden  sidi  die  drei  Varietaten  in  ihrem 
Vitamingehalt  nidit  voneinander. 
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Die  Bestimmung  der  Ascorbinsaure  erfolgte  nadi  Tillmans-Kuhn.  Infolge 
eines  tedinisdien  Versehens  konnen  die  Werte  fiir  diese  Versudisreihe 
nidit  vorgelegt  werden,  dodi  seien  dafiir  die  Untersudiungsergebnisse 
einer  anderen  Versudisreihe  angefiihrt,  in  der  ebenfalls  Treibgurken  in 
Erd-  niit  soldien  in  Mineralkultur  verglidien  wurden  (eine  Tankkultur 
wurde  hier  nidit  durdigefiihrt).  Er  ergaben  sidi  dabei  folgende  Ascorbin- 
sauregehalte: 

Mineralkultur         12,3  mg/100  g  Frisdisubstanz 
Erdkultur  14,1  mg/100  g  Frisdisubstanz 

Die  in  Erde  gewadisenen  Gurken  waren  hier  also  leidit  iiberlegen,  jedodi 
war  der  Untersdiied  nur  gering.  Die  absolute  Hohe  der  Ascorbinsaure- 
gehalte  entspradi  den  iiblidien  Werten  (5). 

Durdi  die  im  folgenden  besdiriebenen  Tierversudie  sollte  gepriift  wer- 
den, ob  den  unter  versdiiedenen  Standortbedingungen  gezogenen  Gurken 
eine  das  Wadistum  untersdiiedlidi  fordernde  Kraft  innewohnt,  d.  h.  ob  sie 
eine  versdiiedene  biologisdie  Wirksamkeit  besitzen. 

Als  Versudistiere  dienten  wadisende  Albinoratten  im  Gewidit  von  55 
bis  60  g.  Es  wurden  je  drei  Gruppen  mit  je  zehn  Tieren  angesetzt,  die  alle 
das  gleidie  Putter,  das  von  uns  verwandte  Zuditfutter,  mit  einem  Roh- 
proteingehalt  von  durdisdmittlidi  20  Prozent  erhielten,  dazu  die  in  der 
oben  besdiriebenen  Weise  zerkleinerten  Gurken,  zu  Beginn  des  Versudies 
2  g  pro  Tag  und  Tier.  Im  Laufe  des  Versudies  wurde  die  Gurkenmenge 
auf  7  g  pro  Tag  und  Tier  gesteigert.  Die  taglidi  verabreidite  Futtermenge 
pro  Tier  betrug  zu  Beginn  des  Versudies  10  g  und  wurde  im  Laufe  des 
sieben  Wodien  wahrenden  Versudies  je  nadi  dem  Futteraufnahme- 
bedurfnis  erhoht  und  erreidite  fur  die  letzte  Versudiswodie  35  g  pro  Tag 
und  Tier.  Es  wurde  bei  den  Versudien  Wert  darauf  gelegt,  dafi  die  Tiere 
das  ihnen  angebotene  Futter,  und  zwar  die  Gurken  wie  die  Normalkost, 
stets  restlos  aufnahmen,  damit  ein  untersdiiedlidies  Wadistum,  als  Folge 
versdiieden  hoher  Futteraufnahme,  von  vornherein  ausgesdialtet  wurde. 
Dabei  liefi  es  sidi  nidit  vermeiden,  dafi  in  der  Zeit  vom  29.  Juni  bis 
13.  Juli  eine  Verzogerung  des  Wadistums  eintrat,  weil  fiir  diesen  Zeit- 
absdmitt  die  Futterzulage  nidit  hodi  genug  war  bzw.  nidit  friih  genug 
erfolgte.  Der  Gurkenanteil  betrug  wahrend  der  ganzen  Dauer  des  Ver- 
sudies stets  ein  Fiinftel  der  Gesamtkost.  Wie  aus  der  Tabelle  und  dem 
Kurvenbild  (Abb.  13)  hervorgeht,  sind  die  Wadistumsuntersdiiede  von  der 
einen  zur  anderen  Gruppe  sehr  gering. 

Wadistumsversudie  von  Ratten  mit  Treibgurkenfiitterung 


15.  6. 

22.  6. 

29.  6. 

6.  7. 

13.  7. 

20.  7. 

27.  7. 

3.  8. 

0 

0 

0 

0 
97,4 

0 
99.0 

0 
116,1 

0 

127,7 

0 

Gurken  aus 
Mineialkultur 

59.1 

65,0 

84.6 

136,5 

Gurken  aus 
Tankkultur 

57,6 

63,8 

88,7 

95,2 

94,6 

111,1 

121  1 

131,4 

Gurken  aus 
Erdkultur 

58,9 

62.4 

90,0 

98,7 

98,8 

115,3 

128.8 

139.0 
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Fotterung  mit  Gurken  aus 

—  Mineralk. Tankk.      Erdk. 


Abb.  13.    Wachstumskurven  im  Fiitte- 
rungsversudi  zu  Ratten 


Die  Gruppe^die  mit  Erdkulturgurken 
gefiittert  wurde,  hatte  mit  136  Pro- 
zent  den  groBten  Zuwadis  erreidit. 
Sie  lag  fiinf  Prozent  hoher  als  die 
Gruppe  von  Mineralkulturgurken 
und  adit  Prozent  hoher  als  die 
Gruppe  mit  Tankkulturgurken. 

Da  die  Abweidiung  vom  Mittelwert 
der  letzten  Gruppe  +4  bzw.  — 5  Pro- 
zent betragt,  lieg  endle  Untersdidede 
der  Gruppen  untereinander  inner- 
halb  der  Abweidiungen  vom  Mittel- 
wert und  somit  innerhalb  der  Fehler- 
grenze.  Man  kann  daher  von  einem 
Untersdiied  der  Gruppen  unterein- 
ander nidit  spredien. 

Auf  die  Gurken  bezogen  bedeutet  das,  daB  die  unter  versdiiedenen  Stand- 
ortbedingungen  gezogenen  Gurken  bei  jungen,  wadisenden  Ratten,  die 
nahrstoffmafiig  ausreidiend  versorgt  wurden,  keine  untersdiiedlidie  bio- 
loglsdie  Wirksamkeit  erkennen  lieBen.  Die  Versudie  zeigen  dabei  Uber- 
einstimmung  mit  den  Ergebnissen  der  bakteriologisdien  und  diemisdien 
Vi  taminbestimmungen. 

f)  Zusammenfassung 

Vorstehend  besdiriebene  Versudie  hatten  das  Ziel,  einen  Vergleidi  zwi- 
sdien  den  beiden  widitigsten  Verfahren  der  Hydroponik,  dem  Mineralstau- 
sowie  dem  Tankverfahren  und  der  bisher  iiblidien  Erdkultur  bei  der  Kultur 
der  Treibgurke,  der  wirtsdiaitlidi  widitigsten  Treibgemiisekultur,  zu  er- 
moglidien.  Nadi  den  Versudisergebnissen  ist  das  Mineralstauverfahren  als 
das  giinstigste  anzusehen.  Insbesondere  fiir  Friihkulturen  ergibt  es  bessere 
und  sidiere  Ertrage  als  die  anderen  Verfahren,  so  daB  seine  Anwendung 
in  der  Praxis  zu  befiirworten  ist.  Uber  die  Qualitat  der  erzeugten  Gurken 
in  emahrungswirtsdiaftlidier  Hinsidit  zeigten  die  Untersudiungen  der 
Anstalt  fiir  Vitaminforsdiung  in  Potsdam-Rehbriidce,  daB  die  in  Hydro- 
kultur  gezogenen  Gurken  den  in  ublidier  Erdkultur  angezogenen  durdi- 
aus  gleidiwertig  sind.  Damit  sind  alle  in  dieser  Hinsidit  erhobenen 
Bedenken  gegen  den  biologisdien  Wert  der  in  Hydrokultur  angezogenen 
Gemiise  hinfallig. 

Als  Ursadie  fiir  den  besseren  Erfolg  des  Mineralstauverfahrens  ist  in  erster 
Linie  die  bessere  Durdiliiftung  des  Kultursubstrates  heranzuziehen,  da 
diese  besonders  fiir  die  Treibgurke  von  groBer  Bedeutung  ist.  Die  Mehr- 
aufwendungen  fiir  dieses  Kulturverfahren  sind  gegeniiber  den  erzielten 
Mehrertragen  sowie  der  verbesserten  Friihzeitigkeit  unerheblidi.  Sie  be- 
trugen  je  Pflanze  und  Kultur  bei  dem  Mineralstauverfahren  2,70  DM,  bei 
dem  Tankverfahren  1,60  DM  gegeniiber  der  iiblidien  Erdkultur  (wobei 
1  cbm  Gurkenerde  mit  20  DM  angesetzt  wurde).  Da  die  Mehreinnahmen 
demgegeniiber  aber  bei  dem  Mineralstauverfahren  6,70  DM  je  Pflanze  be- 
trugen,  bei  dem  Tankverfahren  dagegen  0,80  DM  Mindereinnahme  gegen- 
iiber der  Erdkultur  zu  verzeidmen  waren,  so  ergab  sidi  in  ersterem  Falle 
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Zeit  iiberall  die  Mineralkulturverfahren  starker  durdizusetzen  beginnen. 
Dabei  ist  fiir  eine  breite  Anwendung  in  praktisdien  Gartenbaubetrieben 
nodi  die  Frage  geeigneter  billiger  Nahrlosungen  sowie  deren  einfadier 
Kontrolle  weiter  zu  klaren,  die  bis  jetzt  nodi  unbefriedigend  gelost  ist.  Das 
Tankverfahren  sdieint  demgegeniiber  nur  fiir  die  Anwendung  in  Klein- 
betrieben  und  fiir  Liebhaber  geeignet  zu  sein,  die  unter  Verzidit  auf  tedi- 
nisdie  Aufwendungen  sidi  mit  geringen  Ertragen  zufrieden  geben.  Die  An- 
wendung der  Hydroponik  nadi  dem  Mineralverfahien  bei  der  Gemiise- 
erzeugung  imter  Glas  wird  in  alien  Gartenbaubetrieben  in  Deutsdiland,  die 
mit  Erdsdiwierigkeiten  zu  tun  haben,  und  das  ist  ein  grofier  Teil  der  Be- 
triebe,  eine  grofie  Bedeutung  und  Zukunft  haben. 
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und  Fruchtbildung  der  Obstgeholze 

Aus  dem  Institut  iur  Obst-  und  Gemusebau  der  Martin-Luther-UniverBitdt 

Halle-Wittenberg 

Von  Brigitte  Richter,  Pillnitz 


I.  Einleitung 


Bis  gegen  Ende  des  vergangenen  Jahrhunderts  herrsdite  die  Ansidit  (nacb 
33),  da5  das  Bliihen  erblidi  bedingt  sei,  obwohl  man  innerhalb  bestimmter 
Grenzen  audi  einen  gewissen  EinfluB  aufierer  Faktoren  gelten  liefi.  Diese 
Meinung  stiitzte  sidi  auf  die  Kenntnis  des  Bliihalters.  Die  Vermutung  lag 
nahe,  dafi  nadi  einer  langeren  oder  kiirzeren  rein  vegetativen  Entwicklung 
die  Bliitenbildung  zwangslaufig  vor  sidi  geht  und  aufiere  Faktoren  ledig- 
lidi  fordem  oder  hemmen,  aber  nidit  entsdieidend  einwirken.  Der  oft  spate 
Beginn  der  Blute  sowie  das  iibermaBige  Bliihen  kranker  Individuen  fuhrte 
aufierdem  zum  Teil  zu  der  Annahme,  dafi  die  reproduktive  Phase  Ausdruck 
des  beginnenden  Abgangsstadiums  sei.  Der  mit  dem  Bliihen  und  Fruditen 
verbundene  starke  Baustoffverbraudi  fiihrte  sdiliefilidi  audi  zu  der  Folge- 
rung,  dafi  Wadistum  und  Bliihen  keine  gleidiwertigen  Funktionen  sind,  son- 
dem  in  sdiarfer  Konkurrenz  stehen,  was  besonders  deutlidi  von  Fischer  (22) 
formuliert  wurde:  „Bliite  und  Frudit  sind  fur  das  Pflanzenindividuum  nidits 
als  unbequeme  Sdimarotzer,  die  jenen  nur  sdiaden  und  nidits  niitzen." 
Diese  Vorstellung,  zusammen  mit  den  praktischen  Erfahrungen  der  Wir- 
kung  von  Zwergunterlagen,  des  Fruditholzsdmittes  und  anderen  Mafi- 
nahmen,  fiihrte  zur  Theorie  von  der  Sdiwadiung  der  vegetativen  Leistung 
als  Voraussetzung  der  Bliitenbildung. 

Julius  Sachs  war  einer  der  ersten  Botaniker,  der  experimentelle  Unter- 
sudiungen  iiber  die  Ursadie  der  Bliitenbildung  durdifiihrte,  und  er  bradite 
die  Grundidee  zum  Ausdrudc,  die  heute  bei  der  Erforsdiung  der  Hormone 
und  Wudisstoffe  eine  widitige  RoUe  spielt. 

Um  die  Jahrhundertwende  stellte  Klebs  die  Nahrstofftheorie  auf.  Danadi 
wird  die  Bliitenbildung  durdi  ein  bestimmtes  Verhaltnis  von  Kohlen- 
hydraten  zu  Nahrsalzen  ausgelost.  Poenidke  (55)  gab  dieser  Theorie  eine 
fiir  den  Obstbau  sehr  verstandlidie  und  ansdiaulidie  Form.  Er  bezeidinete 
dieses  idealste  Verhaltnis  innerhalb  eines  Baumes,  das  durdi  die  versdiie- 
densten  Pflegemafinahmen  zu  erreidien  ist,  das  „physiologisdie  Gleidi- 
gewidit". 

1905  sudite  Lciew  (39)  das  Problem  der  Ursadie  der  Bliitenbildung  dahin- 
gehend  zu  klaren,  dafi  er  sdion  die  jeweilige  Zudcerkonzentration  im  Zell- 
saft  der  Pflanze  fiir  das  Wadistum  und  die  Bliitenbildung  verantwortlidi 
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Eingehendere  Untersudiungen  iiber  die  Ursadien  bzw.  stoffwediselphysio- 
logisdien  Vorgange  bei  der  Bliitenbildung  und  Fruditentwicklung  bei  Obst- 
geholzen  sind  seither  fast  aussdiliefilidi  in  den  Vereinigten  Staaten  von 
Amerika  durdigefiihrt  worden,  und  die  vorliegende  Arbeit  soil  einen 
Uberblick  iiber  diese  Untersudiungsergebnisse  geben. 


II.  PhyBiologiBch-chemische,  jahreszeitliche  Veranderungen  in 
Hinblick  auf  die  Bliiten-  und  Fruchtbildung  der  Obstgeholze 

A.  Der  Wusserhaushalt  und  9eine  Veranderungen  in  versdiiedenen  Orga- 

nen  der  Obstgeholze 

a)  Die  Wasseraufnahme 

Die  Wasseraufnahme  erfolgt  vorwiegend  durdi  die  Wurzelhaare.  Die 
Starke  der  Wasseraufnahme  wird  von  Wassergehalt  und  Art  des  Bodens 
und  von  der  Saugkraft  der  Pflanze  bestimmt. 

b)  Der  Wassergehalt 

Normalerweise  ist  in  alien  pflanzlichen  Geweben  Wasser  enthalten,  es 
bestehen  jedodi  wesentlidie  Untersdiiede  im  Wassergehalt  der  einzelnen 
Organe. 

Blatter:  Riditer  (59)  stellte  fest,  dafi  Blattknospen  einen  geringeren 
Wassergehalt  haben  als  Blutenknospen.  Aus  seinen  Untersudiungsergeb- 
nissen  geht  weiterhin  hervor,  daB  der  mittlere  prozentuale  Wassergehalt 
der  Blatter  von  Apfel  und  Bime  73,0  bzw.  71,4  Vo  und  von  Kirsdie  und 
Pflaume  76,6  bzw,  77,7  ®/o  betragt.  Wahrend  der  prozentuale  Gehalt  bei 
ersteren  von  Mai  bis  Oktober  stetig  abnimm,  ist  bei  den  Kirsdien-  und 
Pflaumenblattern  im  August  eine  geringe  Zunahme  ermittelt  worden.  Nadi 
Hendrickson  (aus  34)  sdiwankt  der  Wassergehalt  der  Blatter  audi  inner- 
halb  eines  Tages  und  steht  mit  dem  Dffnen  und  Sdiliefien  der  Spaltoffnun- 
gen  im  direkten  Zusammenhang. 

HolzundRinde:  Untersudiungen  von  Karmarkar  (32)  zeigten,  dafi  im 
Holz-  und  Rindenteil  terminaler  Triebe  zehnjahriger  Apfelbaume  zur  Zeit 
des  Knospensdiwellens  der  Wassergehalt  anstieg.  Mit  dem  Ersdieinen  jun- 
ger  Triebe  im  Juni  war  der  Maximalstand  (etwa  72  ®/o)  erreidit,  dann  folgte 
mit  fortsdireitendem  Wadistum  ein  Abfall,  bis  im  Oktober  ein  etwa  kon- 
stanter  Wert  erreidit  war  (etwa  50"/o).  Ahnlidie  Verhaltnisse  fand  Abbott  (1) 
bei  Apfelrinde  und  Apfel-  und  Birnentriebspitzen.  Audi  bei  Holz  und 
Rinde  kam  Gardner  (24)  wahrend  der  Ruheperiode  zu  iibereinstimmenden 
Ergebnissen. 

FruchtspieBe:  Untersdiiedlidi  ist  der  Wassergehalt  tragender,  bliiten- 
bildender  und  steriler  FruditspieBe  bei  Apfel  (nadi  Hooker  aus  25).  Grund- 
satzlidi  ist  er  bei  tragenden  am  hodisten,  es  folgen  die  bliitenbildenden  und 
die  sterilen.  Bei  alien  drei  Arten  der  FruditspieBe  ist  er  im  Mai  am  hodisten 
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(64,6  •/#,  59,8  Vo,  52,7  Vo),  es  folgt  ein  gleidimafiiges  Absinken  bis  Januar 
(51,1  •/o,  48,9  Vo,  45,5  Vo)  und  dann  steigt  der  Wassergehalt  bis  Mai 
wieder  an. 

F  r  ii  c  h  t  e  :  Der  prozentuale  Wassergehalt  bei  Apfeln  (Stayman  Winesap) 
steigt  bis  Ende  Juli  bis  auf  etwa  86  Vo  an,  dem  ein  Abfall  bis  auf  84,5  "/o 
im  September  folgt  (67).  Dabei  spielt  nadi  Angabe  von  Caldwell  (12)  bei 
dem  Riickgang  des  Wassergehaltes  mit  fortsdireitender  Reife  der  Friidite 
die  Abnahme  des  lebenden  und  toten  kolloidalen  Materials  (Protoplasma, 
Hemizellulose,  Pektine  und  Tannine)  eine  wesentlidie  Rolle. 

c)  Die  Transpiration 

Anderssen  (3)  stellte  fest,  daB  wahrend  oder  kurz  nadi  der  Bliite  ein  rasdier 
Anstieg  der  Transpirationsrate  bei  Birnen  und  Aprikosen  erfolgte,  und 
zwar  auf  Grund  der  rasdien  Blattentwicklung. 

Besonders  stark  ist  die  Transpiration  bei  jungen  Friiditen  (Apfel),  und  mit 
fortsdireitender  Entwicklung  laBt  sie  nadi.  Smock  und  Neubert  (67)  er- 
klaren  diese  anfanglidie  starke  Transpiration  einmal  mit  der  Tatsadie  der 
relativ  grofien  Oberfladie  und  zum  anderen  mit  der  nodi  germgen  Ent- 
widdung  der  Kutikula. 


B.  Die  Stidistoiiverbindungen  und  ihre  Verdnderungen  in  versdiiedenen 

Organen  der  Obstgeholze 

a)  Die  Stidistoffauinahme  und  -umwandlung 

Der  meiste  durdi  die  Wurzeln  aufgenommene  anorganisdie  Stidcstoff  wird 
durdi  den  Stamm  und  die  Zweige  zu  den  Blattern  gebradit  und  dort  in 
Aminosauren  oder  andere  organisdie  Stidcstoffverbindungen  iibergefiihrt. 
Diese  Umwandlung  des  Stidcstoffes  findet  in  den  Chloroplasten  des  Meso- 
phylls  der  Blatter  statt.  Dabei  unterstutzen  blauviolettes  und  ultraviolettes 
Lidit  (nadi  Laurent  aus  25)  diesen  Vorgang.  Die  Stidcstoffumwandlung 
kann  audi  in  Abwesenheit  von  Chlorophyll  und  Lidit  stattfinden,  wobei 
vermutlidi  Kohlenhydrate  verbraudit  werden,  da  mit  jeder  Nitratreduktion 
stets  ein  gewisses  Quantum  CO»  zur  Aussdieidung  kommt  (23).  Die  Uber- 
fiihrung  der  Nitrate  in  Aminosauren  beginnt  sobald  die  Blatter  gut  ent- 
widcelt  sind  und  findet  solange  sie  griin  sind  statt.  Bei  optimalen  Tempera- 
tur-,  Lidit-  und  Bodenverhaltnissen  wird  dieser  Vorgang  im  hodisten  Aus- 
maB  durdigefiihrt.  Die  Aminosauren  verlassen  die  Blatter  sofort  nadi  ihrer 
Bildung,  um  fiir  die  Gewebeentwiddung,  das  Triebwadistum,  die  Aus- 
biidung  neuer  Blatter,  fiir  den  Zuwadis  von  Zweigen,  Stamm  und  Wurzeln. 
fiir  neue  Wurzelbildung  und  besonders  zur  Frudit-  und  Samenentwidclung 
nutzbar  gemadit  zu  werden.  Daneben  wird  ein  betraditlidier  Teil  im 
Phloem  gespeidiert  (25). 

b)  Der  Stickstoffgehalt 

Blatter:  Im  Mai  und  im  September  fand  Riditer  (59)  bei  Apfel-,  Birnen-, 
Kirsdien-  und  Pflaumenblattern  einen  starken  Riidcgang  des   Stidcstoff- 
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ker  Trieb-,  Holz-  und  Wurzelentwidclung.  Die  daran  ansdilieBende 
Periode  relativ  konstanten  Gehaltes  begriindet  sich  wohl  damit,  dafi  die 
Stickstoffaufnahme  und  der  -verbraudi  etwa  ausgeglidien  sind.  Die  zweite 
Periode  des  Absinkens  des  Stickstoffspiegels  tritt  kurz  vor  Laubfall  ein 
und  ist  mil  der  Riickwanderung  des  Stickstoffes  in  die  iiberdauernden 
Organe  zu  erklaren  (47).  Etwas  abweidiend  sind  die  Ergebnisse  von  Kar- 
markar  (32),  der  bei  Apfelblattern  von  Ende  Juni  bis  Ende  September 
einen  Anstieg  des  Gesamtstickstoffgehaltes  feststellte.  Er  wies  nach,  daB 
der  Anteil  des  loslidien  Stickstoffes  wahrend  der  Farbungsperiode  der 
Blatter  eine  Zunahme  erfahrt,  und  er  fand  eine  Abhangigkeit  des  Stick- 
stoffgehaltes  von  der  Bodenbeschaffenheit. 

Remy  (58)  konnte  eine  Abhangigkeit  des  Bliitenansatzes  bei  Apfel  und 
Bime  vom  Stickstoffgehcdt  der  Blatter  feststellen,  und  zwar  fand  er,  daB 
ein  Gehalt  unter  1,25  Vo  der  Trockensubstanz  wahrend  der  Fruchtreife  fiir 
„reichlichen  Bliitenansatz  ungeniigend  ist".  Er  stellte  fest:  „Ein  Gehalt  von 
1,75  Vo  Stickstoff  in  der  Blattrockensubstanz  schlieBt  reichlichen  Bliiten- 
ansatz nicht  aus." 

Zweige,  Stamm  und  Wurzeln:  Untersuchungsergebnisse  vod 
Butler,  Smith  und  Curry  (aus  25)  zeigen,  daB  der  aus  den  Blattern  stam- 
mende  Stickstoff  hauptsachlicii  in  diesjahrigen,  ein-  und  zweijahrigen 
Zweigen  gespeichert  wird,  da  diese  gegeniiber  alterem  Holz  nacii  dem 
Blattfall  einen  wesentlich  hoheren  Gehalt  aufwiesen  (0,57"/o  Tr  einjahr. 
bzw.  0,25  •/o  fiinfjahr.).  Sowohl  die  Zweige  als  auch  Stamm  und  Wurzeln 
wiesen  beim  Knospenschwellen  einen  Miaximalgchalt  (0,61  ®/o,  0,32  **/o, 
0,63  ®/o)  auf,  der  bis  zum  Ende  des  aktiven  Wachstums  im  Juli  auf  ein 
Minimum  absank  (0,35  Vo,  0,22  "/o,  0,38  "/o),  um  von  da  aus,  auch  wahrend 
der  Ruheperiode,  wieder  anzusteigen.  Traub  (aus  32)  fand,  daB  in  den  ober- 
jrdischen  Organen  der  Aminostickstoffgehalt  wahrend  der  Wachstums- 
periode  am  hochsten  war,  im  Herbst  abnahm,  und  daB  wahrend  der  Ruh«. 
periode  ein  Minimum  erreicht  war;  der  EiweiBstickstoff  verhielt  sich  ent- 
gegengesetzt.  Das  gleiche  fand  Karmarkar  (32),  und  er  stellt  weiterhin  fest, 
daB  grundsatzlich  der  Gehalt  an  Gesamtstickstoff  in  der  Rinde  mit  Aus* 
nahme  des  Juni  stets  hoher  als  im  Holzkorper  war  und  die  Bodenbeschaf- 
fenheit auch  hier  einen  deutlichen  EinfluB  ausiibte.  Mu/ey  (44)  fand  bei 
Birnen  ahnliche  jahreszeitliche  Veranderungen. 

FruchtspleBe:  Nach  Hooker  (aus  25)  sind  die  Schwankungen  in 
bliitenbildenden  FruchtspieBen  von  Apfel  denen  der  Wurzeln,  des  Stam- 
mes  und  der  Zweige  sehr  ahnlich,  mit  einem  Maximum  im  Marz-April  zur 
Zeit  des  Knospenschwellens  (1,3  ®/o  Tr)  und  einem  Minimum  Ende  Juni 
(0,68  •/a),  sobald  das  aktive  Wachstum  beendet  ist.  Sterile  FruchtspleBe  ent- 
halten  das  ganze  Jahr  hindurch  nur  eine  verhaltnismaBig  geringe  Menge 
Stickstoff  (etwa  0,9  Vo).  Die  Besonderheit  in  bezug  auf  den  Stickstoffgehalt 
fertiler  FruchtspleBe  besteht  darin,  daB  ein  Anstieg  nach  Aufbrechen  der 

*)  Tr  =  auf  Tro<keng«widit9ba*is 
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tsiuteixKnospen  naoiweisDar  war  (Mitte  Mai  bis  1,^/0},  wahrend  zu  dieser 
Zeit  in  dem  vegetativen  Gewebe  der  Baume  eine  Verminderung  des  Ge- 
haltes  festgestellt  wurde.  Das  ist  wohl  ein  Zeidien  dafiir,  dafl,  wahrend 
die  vegetativen  Gewebe  den  lokal  aufgespeidierten  Stickstoff  verbraudien, 
den  fertilen  FniditspieBen  laufend  eine  allgemeine  Erganzung  zugefiihrt 
wird.  Der  Stickstoffgehalt,  der  in  die  bliihenden  Zweige  einwandert,  geht 
in  die  sidi  entwidcelnden  Friidite  iiber,  so  dafi  der  Stickstoffspiegel  der 
Fruditspiefie  absinkt,  und  zwar  anfangs  rapide  (von  Mitte  Mai  bis  Ende 
Juni  von  1,7  ^/o  auf  1,1  •/o)  und  ab  Ende  Juni  nur  nodi  ganz  wenig  (auf 
etwa  1,0  •/o),  bis  ab  Mitte  November  wieder  ein  Anstieg  folgt. 

Bliiten  und  Friichte:  Howlett  (29)  stellte  fest,  dafl  Apfelbliiten- 
knospen  Anfang  Mai  einen  relativ  hohen  Stickstoffgehalt  (4,5  bis  4,7  •/o  Tr) 
haben,  den  er  auf  den  grofien  Anteil  meristematisdier  Gewebe  der  Bliiten- 
knospen  zuriidcfuhrt.  Das  Absinken  des  Gehaltes  mit  fortsdireitender  Ent- 
wicklung  der  Knospen  bis  auf  3  bis  3,5  Vo  hangt  mit  dem  rasdhen  Wadis- 
tum  der  Bliitenblatter  zusammen,  die  einen  relativ  niedrigen  Gehalt  an 
Stickstoff  besitzen.  Nadi  dem  Bliitenblattfall  ist  nodi  ein  geringes  Absinken 
des  Stidcstoffgehaltes  zu  verzeidmen  gewesen.  Zu  ganz  ahnlidien  Ergeb- 
nissen  kamen  Ardibold  (4,5),  Askew  (7),  Hulme  (30),  PfeUfer,  Gourley  und 
Hopkins,  Haynes  und  Ardibold  (aus  25).  Natiirlidi  nimmt  der  Absolut- 
geh€dt  im  Laufe  der  Entwidclung  der  Friidite  zu.  Pieiffer  (aus  25)  konnte 
dabei  nadi  einem  anfanglidien  rapiden  Anstieg  Ende  Jul!  bis  August  deut- 
lidie  Sdiwankungen,  und  im  September  dann  eine  zweite  Anstiegsperiode 
feststellen.  Dabei  fallen  die  Perioden  des  Anstieges  mit  Jahreszeiten  zu- 
sammen, in  denen  die  Temperatur  und  die  Feuditigkeitsverhaltnisse  die 
giinstigsten  Ernahrungsbedingungen  im  Boden  sdiaffen. 

Liwerant  (38)  untersudite  in  der  Zeit  von  Dezember  bis  Marz  Pfirsidi- 
blutenknospen.  Er  kam  zu  der  Erkenntnis,  dafi  audi  wahrend  der  „Ruhe- 
periode"  die  interne  physsiologisdie  Aktivitat  sehr  grofi  ist,  selbst  bei 
Temperaturen  bis  zu  — 15,5°  C,  insofern,  als  der  Gehalt  der  Knospen  an 
Stidcstoff  neben  anderen  Mineralien  erst  langsam,  dann  aber  starker  zu- 
nahm.  Untersudiungen  von  Hooker  (aus  1)  fiihrten  zu  den  gleidien  Ergeb- 
nissen,  weiterhin  stellte  er  fest,  dafi  der  Stidestoffgehalt  in  distal  stehen- 
den  Knospen  grofier  ist  als  in  denen,  die  basalwarts  stehen.  Lott  (40)  wies 
nadi,  dafi  der  Gehalt  des  Fleisdies  von  Pfirsidien  von  Mitte  Mai  (0,20  •/©  Fr^) 
bis  Mitte  Juli  abnimmt  (0,12  ®/o),  wahrend  im  Stein  nadi  einer  anfanglidien 
Zunahme  (von  0,13  ®/o  auf  0,31  ®/o)  ab  Ende  Mai  erst  eine  Abnahme  erfolgt 
(Anfang  Juli  0,1  Vo).  Wahrend  des  Absinkens  des  Gehaltes  im  Stein,  nahm 
er  im  Kern  zu.  und  es  ist  anzunehmen,  dafi  er  in  den  Kern  iibergegangen 
war,  und  die  weitere  Zunahme  nodi  bis  Mitte  Juli  (2,22  ®/o)  ist  wohl  damit 
zu  deuten,  dafi  er  seine  physiologisdie  Reife  erst  nadi  Fleisdi  und  Stein 
«rreidit. 

Nadi  Riditer  (59)  haben  Kirsdienbliitenknospen  einen  Stidcsloffgehalt  von 
3.771  Vound  Pflaumenbliitenknospen  4,142  Vo  (Tr.). 


•)    Fr   "   «uf  Frisd>g«wiicht»basis 
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I.  Phosphor 

Obwohl  es  nodi  nidit  genau  bewiesen  ist,  wo  die  Uberfuhrung  von  anorga- 
nisdien  Phosphaten  in  organisdie  phosphorhaltige  Verbindungen  stattfin- 
det,  besteht  eine  bemerkenswerte  Gleidiartigkeit  rwisdien  den  Unter- 
sdiieden  im  Stidcstoff-  und  Phosphorgehalt  in  praktisdi  alien  Geweben. 
Sdieinbar  wird  die  Umwandlung  des  Phosphors,  ebenso  wie  die  des  Stidc- 
stoffes,  zum  grofiten  Tell  in  den  Blattern  vollzogen;  dabei  haben  nadi 
Montemartini  (aus  25)  rotes  und  gelbes  Lidit  eine  bessere  Wirkung  auf  die 
Phosphorassimilation  als  blaues  und  violettes. 

Der  Phosphorgehalt 

Die  meisten  Gewebe  haben  etwa  sedismal  soviel  Stidcstoff  wie  Phosphor (25). 

Blatter:  Nadi  Riditer  (59)  finden  sidi  die  weitaus  groBten  Phosphor- 
mengen  im  ersten  Entwiddungsstadium  der  Blatter  (1,3  bis  1,4^0  im  Mai, 
Juni  bis  August  0,4  bis  0,7  Vo  Tr)  sowohl  bei  Apfel,  Birne  als  audi  bei 
Pflaume  und  Kirsdie. 

Zweige,  StammundWurzeln:  Auf  die  Korrelation  zwisdien  dem 
Stidcstoff-  und  dem  Phosphorgehalt  wurde  sdion  hingewiesen.  Der  Haupt- 
untersdiied  besteht  darin,  daB  der  Phosphorgehalt  im  Mai  in  Zweigen, 
Stamm  und  Wurzeln  von  Apfelbaumen  ein  Minimum  (0,06  ®/o,  0,04  ®/o, 
0,12  "/o  Tr)  aufweist,  wenn  die  Baume  in  voller  Bliite  stehen,  wahrend  der 
Stidcstoff  einen  Minimalgehalt  nidit  vor  Juli  erreidit,  bei  Beendigung  des 
aktiven  Wadistums.  Zu  dieser  Zeit  ist  der  Phosphorgehalt  sdion  wieder  "im 
Ansteigen  begriffen  und  erreidit  ein  Maximum  im  April  beim  Knospen- 
schwellen  (0,1  Vo,  0,06  Vo,  0,15  Vo)  (aus  25). 

Untersudiungen  (3)  des  aufsteigenden  Saftstromes  in  den  Tradieen  des 
Holzkorpers  zeigten  einen  relativ  hohen  Anstieg  des  Phosphorgehaltes  von 
Dezember  (2,3  Voo)  bis  Mai  (25,2  Voo)  bei  Birnen.  Vermutlidi  wird  dieser 
Phosphor  bei  der  Hydrolyse  von  Starke,  Proteinen  und  evtl.  audi  anderer 
Komplexsubstanzen  als  Phosphat  wieder  frei,  nadidem  er  zur  Synthese 
nutzbar  gemadit  wurde.  Northrop  und  Nelson  (50)  fiihrten  quantitative 
Untersudiungen  des  Phosphoranteils  der  Starke  durdi,  sie  stellten  0,06  •/© 
fest,  und  sie  kamen  weiterhin  zu  dem  Ergebnis,  daB  95  bis  97  "/o  des  Phos- 
phors in  organisdien  Verbindungen  vorliegt. 

FruchtspieBe:  Der  Phosphorgehalt  stenler  und  bliitenbildender 
FruditspieBe  von  Apfeln  unterliegt  ahnlidien  jahreszeitlidien  Sdiwankun- 
gen,  wie  die  iibrigen  holzigen  Gewebe  mit  einem  Minimum  im  Mai  (0,1  bis 
0,15  Vo  Tr).  Nur  im  Juni  ist  zur  Zeit  der  Bliitenknospendifferenzierung  in 
den  bliitenbildenden  FruditspieBen  (0,2  Vo)  im  Gegensatz  zu  den  sterilen 
(0,15  ®/o)  ein  Maximum  nadiweisbar  gewesen,  das  bis  September  wieder  ab- 
fallt,  und  im  Herbst  bis  Februar  steigt  der  Gehalt  wieder  an.  Eine  ganz 
betraditlidie  Zunahme  des  Phosphorgehaltes  bis  zu  0,3  ®/o  der  tragenden 
FruditspieBe  war  zur  Zeit  der  Bliite,  im  Mai,  festzustellen  gewesen.  Ein 
standiges  Absinken  folgte  bis  November  bis  auf  0,2  Vo,  um  dann  allmahlidi 
wieder  anzusteigen  (aus  25). 
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Bluten  und  Friichte:  Uwerant  (38)  land  in  Pfirsidiblutenknospen 
eine  Zunahme  des  Phosphorgehaltes  von  Dezember  bis  Marz.  Diese  An- 
gaben  finden  in  einer  unveroffentliditen  Arbeit  von  Hooker  (aus  1)  Be- 
statigiing.  Gleichzeitig  geht  aus  dieser  Untersudiung  hervor,  daB  basal 
stehende  Knospen  einen  niedrigeren  Gehalt  als  distal  stehende  haben  (Belle 
of  Georgia,  Dezember:  0,196 "/»  :  0,214  Vo-  Januar:  0,254  Vo  :  0,370  "/a  Tr). 
Blutenknospen  von  Kirsdien  batten  einen  Phosphorgehalt  von  1,309  Vo  und 
Pflaumen  1,356  Vo  (Tr.)  (59). 

Brown  (10)  stellte  eine  Abnahme  des  Phosphorgehaltes  in  Prozent  vom 
Frischgewicht  bei  Apfeln  mit  fortsdireitender  Entwidclung  der  Friidite 
fest,  das  gleidie  fand  Krotkov  und  Helson  (auf  67). 

2.  Kalium 

Ob  das  Kalium  in  organisdie  Form  iibergefiihrt  wird,  ist  unbekannt.  Es 
ist  weiterhin  unbekannt,  in  weldier  Form  von  organisdien  Verbindungen 
es  fur  die  Pflanzen  notig  ist  (25). 

Es  wurde  festgestellt  (71),  dafi  ein  Anstieg  des  Kaliumgehaltes  in  den  Ge- 
weben  die  Bliitenknos]>enbildung  fordert. 

Der  Kaliumgehalt 

Blatter:  Sdion  zu  Beginn  der  Vegetationsperiode  ist  Kalium  in  sehr 
reidilidier  Menge  sowohl  bei  Apfel-  (3,1  Vo  Tr),  Birnen-  (2,5  Vo),  Kirsdien- 
(3,0  Vo)  als  audi  Pflaumenblattern  (2,9  Vo)  vorhanden.  Bei  Apfel-  und 
Bimenblattem  sank  der  Gehalt  langsam  ab  (1,6  Vo  bzw.  1,3  Vo),  um  kurz 
vor  dem  Laubfall  wenig  wieder  anzusteigen.  Bei  Kirsdienblattern  war  der 
Gehalt  im  grofien  und  ganzen  nur  wenigen  Schwankungen  unterworfen. 
wahrend  bei  Pflaumenblattern  ein  standiger  Anstieg  nadizuweisen  war 
(Mitte  Oktober  5,8Vo),  weswegen  Riditer  (59)  diese  Herbstblatter  als  einen 
wertvollen  Diinger  ansieht. 

Zweige,  Stammund  Wurzeln:  Die  Untersudiungen  (aus  25)  des 
Kaliumgehaltes  der  Zweige  von  siebenjaririgen  Apfelbaumen  zeigten,  daB 
der  Gehalt  in  ein-  und  zweijahrigen  Zweigen  wesentlidi  anders  als  in  alte- 
ren  war.  Im  Mai,  zur  Bliite,  trat  bei  ersteren  ein  Maximum  (0,51  Vo  Tr.  auf, 
dem  ein  Abfall  bis  zum  Ende  des  aktiven  Wadistums  im  Juli  folgle  (0,43  Vo), 
dann  blieb  der  Gehalt  relativ  konstant.  In  den  alteren  Zweigen  trat  dem- 
gegeniiber  im  Mai  ein  Minimum  (0,23  Vo)  auf,  dem  bis  zum  Blattfall  ein  An- 
stieg folgte  (0,3  Vo),  um  bis  April  wenig  abzuf alien  (0,28  Vo).  Die  Schwankun- 
gen in  den  Wurzeln  verliefen  ahnlidi  wie  die  der  alteren  Zweige,  mit  einem 
Minimum  im  Mai  (0,42  Vo)  und  einem  Maximum  im  Oktober  (0,53  Vo).  Im 
Stamm  trat  am  Ende  des  aktiven  Wadistums  im  Juli  ein  Minimum  (0,18  Vo) 
auf,  dem  ein  Anstieg  bis  Oktober  folgte  (0,25  Vo),  und  im  Dezember  war 
nodi  einmal  ein  geringerer  Gehalt  festgestellt  worden  (0,15  Vo),  der  dann 
vrenig  wieder  anstieg  (0,23  Vo). 

Im  aufsteigenden  Saftstrom  des  Holzkorpers  zeigte  sidi  bei  Birnen  ein 
Anstieg  des  Kaliumgehaltes  vom  November  (0,23  Voo)  bis  Mai  (59,6  Voo)  (3). 

FruchtspieBe:  Der  Kaliumgehalt  f ertiler  Apfelfniditspiefie  zeigte 
ahnlidie  Sdiwankungen  wie  der  der  ein-  und  zweijahrigen  Zweige  mit 
einem  Maximum  im  Mai  (1  Vo  Tr),  dem  ein  Abfall  bis  September  folgte 
(0,6  Vo),  dann  stieg  der  Gehalt  bis  November  wenig  an  (0,7  Vo),  ab  Marz 
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lichen  Sdiwankungen  der  bliitenbildendeiL  Fruditspiefie,  es  trat  ein  Maxi- 
mum im  Mai-Juni  auf  (0,7  ^/o),  sonst  blieb  der  Gehalt  relativ  konstant 
(0,55  Vo).  In  sterilen  Fruditspiefien  war  der  Gehalt  das  ganze  Jahr  hlndurch 
verhaltnismafiig  gering  (0,55  "/o  Januar  bis  Mai,  Juni  bis  November  0,45  Vo) 
(aus  25). 

Bluten  und  Friichte:  Riditer  (59)  fand  in  Bliitenknospen  von  Kir- 
sdien  2,29  Vo  (Tr)  und  in  Pflaumenbliitenknospen  2,34  Vo  Kalium.  Der 
Kaliumgehalt  von  Pfirsidibliitenknospen  nahm  nadi  Angaben  von  Liwe- 
rant  (38)  in  der  Zeit  von  Dezember  bis  Marz  zuerst  langsam,  spater  aber 
rasdier  zu. 

In  Apfeln  nimmt  Kalium  den  Hauptanteil  der  Asdie  in  Ansprudi  (aus  67). 
Es  wurden  bei  Lanes  Prince  Albert- Apfeln  0,11  Vo  (Fr)  gefunden  und  fest- 
gestellt,  dafi  dieser  Gehalt  mit  zunehmender  Reife  abnimmt,  wahrend  der 
Absolutgehalt  zunimmt. 

3.  Kalzium 

In  den  meisten  Vegetationspunkten  und  Embryonalgeweben  ist  Kalzium 
nidit  vorhanden,  sondern  in  alteren  Geweben  ist  es  hauptsadilich  zu  finden. 

Der  Kalziumgehalt 

Blatter:  Blattknospen  von  Kirschen  und  Pflaumen  en  thai  ten  1,364  Vo 
bzw.  2,365  Vo  (Tr)  Kalzium.  Mit  zunehmendem  Alter  der  Blatter  steigt  der 
Kalkgehalt  (Apfel  bis  3,6  Vo,  Birne  bis  3,5  Vo,  Kirsche  bis  4,6  Vo,  Pflaume 
bis  5,8  Vo)  an.  Vor  dem  Blattfall  wird  der  Kalk  nidit  aus  den  Blattem  in 
die  Zweige  verlagert  (59). 

H  o  1  z  :  Bei  Birne  betrug  der  Kalkgehalt  des  Holzkorpers  27,39  Vo,  bei 
Apfel  18,65  Vo  von  der  Gesamtasdie  (aus  25). 

Bluten  und  Friichte:  Riditer  (59)  konnte  in  Blutenknospen  von 
Kirschen  und  Pflaumen  einen  Kalkgehalt  von  l,113Vo  bzw.  1,761  Vo  (Tr) 
feststellen.  Eine  Abnahme  des  Kalkgehaltes  in  Pfirsidibliitenknospen  von 
Dezember  bis  Marz  wies  Liwerant  (38)  nadi.  In  Apfeln  wurden  je  nadi 
Sorte  0,005  Vo  bis  0,0095  Vo  (Fr)  festgestellt.  Der  absolute  Kalkgehalt  stieg 
wahrend  der  Wadistumsperiode  langsam  an,  wahrend  ein  geringer  prozen- 
tualer  Abfall  zu  verzeidmen  war  (aus  67). 

4.  Sdiwefel 

Uber  den  Einflufi  des  Sdiwefels  auf  die  Fruditentwid&lung  ist  sehr  wenig 
bekannt  (25). 

Der  Sdiwefelgehalt 

Blatter:  Marsh  (42)  stellte  fest,  da5  der  Sdiwefelgehalt  bei  Apfel- 
blattem  vom  Mai  (6,3  Vo  Tr)  bis  Juli  (6,23  Vo)  abnahm,  um  spater  erst  rapide 
anzusteigen  (0,5  Vo). 

Rindeund  aufsteigender  Saftstrom  des  Holzkorpers: 
Bei  Apfeln  war  der  Gehalt  in  junger  Rinde  grofieren  jahreszeitlidien 
Sdiwankungen  unterworfen  (Mad  0,2  Vo,  Juli  bis  November  0,1  Vo,  Januar 
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0.2  •/o,  Marz  0,15  Vo  Tr)  als  in  alterer  Rinde  (0.1  Vo)  und  war  in  ersterer 
audi  wesentlidi  hoher  (42). 

Im  aufsteigenden  Saftstrom  des  Holzkorpers  von  Birnen  stieg  der  Sdiwefel- 
gehalt  (als  SO4)  von  November  (9.3  Voo)  bis  Mai  (31.9  Voo)  stark  an. 

Fruchtspiefie:  Bliitenbildende  FruditspieBe  zeigten  nadi  Unter- 
sudiungen  von  Marsh  (42)  eine  Abnahme  des  Sdiwefelgehaltes  vom  Mai 
(0.19  "/o  Tr)  bis  Juli  (0,14  Vo).  Im  August  nahm  der  Gehalt  zu  und  zeigte  im 
September  ein  Maximum  (0,23  Vo),  dem  wieder  eine  Abnahme  folgte,  bis 
im  Febniar  ein  Minimum  (0,12  Vo)  erreidit  war.  Er  fand  weiterhin  eine  ge- 
wisse  Parallelitat  der  H-Jonenkonzentration  mit  dem  Sdiwefelgehalt. 

F  r  ii  c  h  t  e  :  Bigelow  (aus  67)  fand  in  der  Asdie  von  Apfein  einen  Sdiwefel- 
gehalt (als  SO3)  von  iiber  4,6  Vo. 

5.  Eisen 

Blatter:  Verasdxte  Blatter  haben  meist  einen  Eisengehalt  von  1  bis  4  Vo 
(nadi  Petit  aus  25).  Der  Absolutgehalt  steigt  mit  dem  Alter  der  Blatter  an, 
wahrend  der  prozentuale  Anteil  etwa  konstant  bleibt. 

Rinde  und  aufsteigender  Saftstrom  des  Holzkorpers: 
Die  Asdie  der  Rinde  von  Apfelbaumen  enthielt  0.2  Vo  Eisen  (25). 

Im  aufsteigenden  Saftstrom  des  Holzkorpers  fand  Oserkowsky  (51)  bei 
Birnen.  daB  der  Eisengehalt  im  April  stars  anstieg  (0.6  mg/1)  und  gleidi- 
zeitig  wieder  abfiel  (0.2  mg/1).  Diese  starke  Sdxwankung  fallt  mit  der  Zeit 
des  Knospensdiwellens  und  der  Bliite  zusammen.  In  der  librigen  Zeit 
sdiwankte  die  Eisenkonzentration  relativ  wenig.  Die  starke  Abnahme  des 
Eisengehaltes  nadi  Einsetzen  der  Wadistumsperiode  ist  nadi  Oserkowsky 
ein  Zeidien  fiir  die  geringe  Eisenaufnahme  des  Baumes.  Weiter  fiihrte  er 
die  Abnahme  auf  den  Anstieg  der  Transpiration  und  die  Zunahme  der  Blatt- 
fladie  zuriidc. 

Friichte  :  Der  Eisengehalt  wurde  bei  Apfein  mit  1.40 Vo  (Tr)  als  FeaOa, 
bei  Pflaumen  mit  2,54  Vo,  bei  Birnen  mit  1,40  Vo  ermittelt  (aus  67). 

6.  Magnesium 

Blatter:  Bei  Zwetsdienblattern  fand  Riditer  (59)  einen  Magnesium- 
gehalt  im  September  von  1,018  Vo  (Tr),  der  im  Oktober  auf  0,977  ®/o  abfiel 
und  im  November  wenig  anstieg  (0,999  ®/o).  Bei  Birnenblattern  war  der  Ge- 
halt geringer,  zeigte  aber  ahnlidie  Sdiwankungen  (0,420  Vo,  0,309  Vo, 
0,394  Vo). 

Rinde,  Holz  und  aufsteigender  Saftstrom  des  Holz- 
korpers: In  der  Rinde  von  Birnenbaumen  wurden  9,4  "/o  und  von  Apfel- 
baumen 1,5  Vo  Magnesium  vom  Gesamtasdiegehalt  gefunden  (aus  25). 

In  der  Asdie  des  Splintholzes  von  Birnen  wurden  3,0  "/o  und  in  der  von 
Apfein  8,49  "/a  Magnesium  festgestellt. 

Einen  Anstieg  des  Magnesiumgehaltes  von  0,8  ®/oo  auf  23,5  "Zoo  wahrend  der 
Vegetationsperiode  im  aufsteigenden  Saftstrom  des  Holzkorpers  von  Birnen 
stellte  Anderssen  (3)  fest. 
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eine  Abnahme  des  Magnesiumgehaltes  in  Pfirsidibliitenknospen  von  Liwe- 
rant  (38)  gefunden. 

Der  Magnesiumgehalt  betnig  bei  Apfeln  8,75  Vo,  Birnen  5,22  Vo  und  Pflau- 
men  4,69  ®/a  von  der  Gesamtasdie  (aus  25). 

7.  Silicium 

B  1  a  1 1  e  r  :  In  Birnenblattern  stellte  Riditer  (59)  im  September  0,194  Vo  (Tr). 
im  Oktober  0,175  Vo  und  im  November  0,269  Vo  Silicium  fest;  bei  Birnen 
sdiwankte  der  Gehalt  von  0,332  Vo  auf  0,265  ®/o  und  0,770  Vo. 

Rinde  und  Holz:  Die  Rinde  von  Birnenbaumen  enthielt  0,4 Vo,  der 
Holzteil  0,3  Vo,  und  bei  Apfeln  wurden  0,6  Vo  bzw.  1 ,65  Vo  Silicium  von  der 
Gesamtasdie  festgestellt,  wobei  das  Kernholz  siliciumreidier  als  das  Splint- 
holz  war  (aus  25). 

F  r  u  c  h  t  e  :  In  Apfeln  konnten  4,32  ®/o,  in  Birnen  1 ,49  Vo  und  in  Pflaumen 
3,15  ®/o  der  Gesamtasdie  als  Silicium  nadigewiesen  werden  (aus  25). 

8.  Natrium 

B  1  a  1 1  e  r  :  Der  Natriumgehalt  der  Blatter  betragt  gewohnlidi  1  Vo  bis  3  •'o 
des  Gesamtasdiegehaltes  (aus  25). 

Rinde  und  Holz:  In  Apfelrinde  wurden  vom  Gesamtasdiegehalt 
3,495  */o  Natrium  gefunden.  Splintholz  von  Bime  enthielt  1,84  Vo  Natrium 
(von  der  Gesamtasdie),  wahrend  das  des  Apfels  3,275  Vo  beinhaltete 
(aus  25). 

F  r  ii  c  h  t  e  :  Czapek  (aus  25)  f and  bei  Apfeln  26,09  "/o,  Pflaumen  9,05  ®/a  und 
Birnen  8,52  "/o  Natrium  vom  Gesamtasdiegehalt,  wahrend  nadi  Hopkins 
und  Gourley  (aus  25)  bei  Apfeln  der  Natriumgehalt  5  "/o  von  der  Gesamt- 
asdie betnig. 

9.  ChloT 

Nadi  Emmons  (aus  25)  enthielt  die  Asdie  der  Rinde  von  Birnen  1,7  Vo,  das 
Holz  0,31  Vo;  bei  Apfel  fanden  sidi  0,33  Vo  bzw.  0,255  Vo  Chlor.  Im  Tradieen- 
safl  von  Birnen  konnte  Anderssen  (3)  im  November  3,2  Vw  und  im  Mai 
4,5  "/oo  Chlor  nadiweisen. 

In  Pflaumenfriiditen  wurden  0,38  ®/o  Chlor  von  der  Gesamtasdie  gefunden 
(aus  25). 

10.  Aluminium 

In  Apfelfriiditen  wurden  0,0008  Voo  und  0,00015  Voo  (Fr)  Aluminium  gefun- 
den. SiiBkirsdien  enthielten  0,0318  Voo,  Sauerkirsdien  0,038  Voo,  gesdialte 
und  entkemte  Pfirsidie  0,0093  Voo  bzw.  0,0083  Voo  (73). 

IL  Mangan 

Fiir  die  Fruditbildung  sdieint  Mangan  kein  bedeutendes  Element  zu  sein 
(aus  24).  In  Apfeln  wurde  Mangan  in  Spuren  gefunden,  ansdieinend  war 
der  Gehalt  an  zwei  versdiiedenen  Untersudiungsterminen  untersdiiedlidi 
(aus  67). 
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Der  Borgehalt  von  Apfelfriiditen  betrug,  nadidem  die  Bliitenblatter  abge- 
f alien  waren,  0,005  (Tr),  zur  Erntezeit  0,002  Voo.  Der  Absolutgehalt  nahm 
aber  wahrend  der  Wadistumsperiode  zu  (aus  67). 


13.  Kupier 
In  Apfeln  wurde  0,001  Voo  (Fr)  Kupfer  festgestellt  (aus  67). 

14.  Zink 

Untersudiungen  des  Zinkgehaltes  bei  Apfelbaumen  ergaben,  daB  die 
Bllitter  den  niedrigsten  Gehalt  (31  Voo)  haben,  es  folgen  das  Zweigholz 
(36Voo)  und  dann  die  Zweigrinde  (73®/oo).  In  Bliitenknospen  wurde  bis 
79  V©o  gefunden,  im  Holz  der  Fnidittriebe  91  Voo  und  in  deren  Rinde  der 
hodxste  Gehalt  266  Voo.  Sortenuntersdiiede  wurden  kaum  festgestellt,  audi 
war  kaum  ein  EinfluB  des  Standortes  nadizuweisen  gewesen  (74). 

In  Apfeln  wurden  0,0015  Voo  (Fr)  Zink  gefunden  (aus  67). 


15.  Jod 

In  gesdialten  und  entkernten  Apfeln  wurden  0,0000025  Voo  (Tr)  gefunden 
(13).  Bei  Bimen,  die  zum  Teil  entkernt  waren,  wurden  0,000013  Voo,  bei 
Pflaumen  0,0000043  Voo,  bei  entkernten  Pfirsidien  0,000010  Voo  und  bei  ent- 
kernten Aprikosen  0,000021  Voo  Jod  festgestellt  (14). 


16.  Gesamtasdie 

Uber  den  Gesamtasdiegehalt  laBt  sidi  folgendes  sagen:  Die  Rinde  hat 
grundsatzlidi  einen  hoheren  Asdieanteil  als  das  Holz;  Wurzeln  und  Zweige 
weisen  mehr  als  der  Stamm  auf.  Blatter  enthalten  mehr  Asdie  als  Wurzeln 
und  Zweige,  wahrend  die  Friidite  einen  relativ  geringen  Mineralgehalt 
haben. 

Je  nadi  dem  Alter  der  Obstgeholze  ist  der  Aschegehalt  untersdiiedlidi. 
Alteres  Gewebe  hat  einen  hoheren  Asdiegehalt  als  jiingeres,   wohl   auf 
Grund  der  groBeren  physiologisdien  Aktivitat  des  jiingeren. 

Einen  nidit  unwesentlichen  EinfluB  liben  versdiiedene  Bodenarten  auf  den 
Asdiegehalt  aus,  so  wurde  bei  Apfeln  gefunden,  daB  auf  Kalkboden  der 
Asdiegehalt  hoher  war  als  auf  Sumpf-  bzw.  Moor-  und  Sandboden  (10). 

Ein  EinfluB  der  Unterlage  auf  den  Asdiegehalt  der  Friidite  lieB  sidi  audi 
feststellen,  und  zwar  war  er  auf  M  II  am  hodisten  (0,209  Vo),  es  folgten 
M  X  (0,188  Vo),  M  I  (0,183  Vo)  und  auf  M  IX  war  der  Asdiegehalt  der  Friidite 
am  niedrigsten  (0,159  Vo)  (aus  67). 

Diingung  von  Apfelbaumen,  die  auf  Sdiwarzerdeboden  wudisen  (pH  6,1), 
mit  Nitratstidcstoff  rief  einen  Anstieg  des  Phosphor-  und  Kaliumspiegels 
hervor,  wahrend  Ammoniak-Stidcstoff-Diingung  diesen  Effekt  nidit  ausloste 
(68). 

Ill 


a)  BHdung  und  Speidierung 

Im  Gegensatz  zu  alien  iibrigen  diemisdien  Gnindstoffen  wird  der  Kohlen- 
stoff  in  Form  von  Kohlensaure  durdi  die  Spaltoffnungen  der  Blatter  aus  der 
Luft  aufgenommen.  Die  ersten,  in  groBerer  Menge  nadiweisbaren  organi- 
sdien  Kohlenstoffverbindungen  in  den  Slattern  der  griinen  Pflanzen  sind 
Zudcerarten.  Ein  Teil  dieser  durdi  die  Assimilation  gewonnenen  Kohlen- 
hydrate  wird  als  Baustoff  verbraudit.  Ein  weiterer  Teil  dient  als  Atmungs- 
material.  Daneben  werden  Reserven  aufgespeidxert.  Nur  ein  geringer  Teil 
davon  bleibt  im  Zellsaft  als  Zucker  gelost,  der  grofite  Teil  wird  in  feste 
Form  iibergefuhrt  als  Starke  oder  Hemizellulose.  Ein  Teil  der  Kohlen- 
hydrate  wird  als  Fette  umgebaut,  die  aber  nur  in  geringem  MaBe  in  un- 
seren  Obstgeholzen  als  Reservestoffe  Verwendung  finden. 


b)  Der  Kohlenhydratgehalt 

Blatter:  Aus  Angaben  von  Gardner,  Bradford  und  Hooker  (25)  geht  her- 
vor,  daB  in  den  Blattem  Hexosen  und  Sacdiarosen  bis  zu  Mittag  ein  Maxi- 
mum erreidien  und  danadi  ein  Abfall  des  Gehaltes  dieser  Kohlenhydrate 
einsetzt.  Diese  Veranderungen  sind  stark  von  der  Temperatur  und  der 
Liditintensitat  abhangig.  Der  Gehalt  an  Pentosen  ist  keinen  so  starken 
Sdiwankungen  unterlegen. 

Durant  (aus  25)  stellte  zwei  Stadien  in  der  Vegetationszeit  eines  Blattes 
fest:  1.  DiePeriode  der  Kohlenhydratsyn these  und  Polymerisation  wahrend 
der  Zeit  des  Wachstumsbeginnes  bis  zum  Spatsommer;  und  2.  die  Periode 
vom  Beginn  der  Verfarbung  der  Blatter  und  der  Hydrolysation  der  Kohlen- 
hydrate. 

Aus  einer  Veroffentlidiung  von  Murneek  (46)  geht  hervor,  daB  Apfelblatter 
der  Sorte  Jonathan  im  Oktober  einen  Gehalt  von  25,34  Vo  (Tr)  an  Gesamt- 
kohlenhydraten  enthielten.  Untersudiungen  von  Smith  (65)  lassen  er- 
kennen,  daB  von  Juni  bis  September  eine  Abnahme  des  Gesamtkohlen- 
hydratgehaltes  stattfindet,  ansdilieBend  bleibt  der  Gehalt  relativ  konstant. 

Zweige,  Stammund  Wurzeln:  Auf  Trockengewiditsbasis  ist  der 
Gesamtkohlenhydrat gehalt  in  holzigen  Goweben  hoher  als  in 
dem  Rindengewebe,  und  der  Gehalt  des  Periderms  liegt  meist  zwisdien 
dem  von  Holz  und  Rinde  (aus  25).  Es  zeigte  sidi,  daB  der  Gehalt  an  scfanell 
hydrolysierbaren  Kohlenhydraten  bei  Apfelbaumen  im  April  zur  Zeit  des 
Knospensciiwellens  am  hochsten  war,  sowohl  in  den  Zweigen  (31,66  "/oTr), 
dem  Stamm  (34,08  Vo)  als  audi  in  den  Wurzeln  (37,42  Vo).  Zur  Bliite  im  Mai 
sank  der  Gehalt  auf  ein  Minimum  (15,78  Vo,  17,80  Vo,  29,02  ®/o).  Am  Ende 
des  aktiven  Wadistums  im  Juli  stieg  er  wieder  an  (28,24  "/o,  32,23  •/o. 
30,38  Vo),  um  dann  bis  Dezember  wieder  abzufallen  (21,35  "/o,  25.83  ^/a, 
29,63  Vo),  nur  in  den  Wurzeln  war  im  Oktober  nodi  ein  Anstieg  zu  ver- 
zeidinen  gewesen  (32,95  Vo),  der  dann  aber  audi  im  Dezember  abfiel 
(29,63  Vo)  (aus  25). 

112 


Gardner  (24)  steUte  bei  Bimen  fest,  dafi  der  Holzteil  einen  groBeren 
Starke  gehalt  als  die  Rinde  aufweist.  Cameron  (aus  24)  f and  zwei  Starke- 
maxima  bei  Birnen,  das  erste  kurz  vor  Beginn  des  Wadistums  und  das 
zweite  nadi  dem  Blattfall-  Die  gleidxen  zwei  Maxima  st elite  Smith  (65)  bei 
terminalen  Apfeltrieben  fest  und  auch  Swarbridi  (60)  fand  in  Apfelzweigen 
zwei  Starkemaxima. 

Von  weldi  hoher  Widitigkeit  der  Kohlenhydratgehalt,  insbesondere  die 
Starkeansammlung  in  den  Zweigen  fiir  die  Ausbildung  der  Bliitenknospen, 
ist,  geht  aus  einer  Arbeit  an  Pfirsidien  von  Weinberger  und  Cullivan  (75) 
hervor.  Zweige,  die  pro  Frucfat  zwanzig  Blatter  batten,  batten  sedismal 
mehr  Bliitenknopsen  gebildet  als  Zweige,  die  nur  zehn  Blatter  pro  Frudit 
batten.  Wenn  mebr  als  20  Blatter  pro  Frudit  vorhanden  waren,  war  der 
Anstieg  der  Bliitenknospenbildung  nur  10  Vo,  wahrend  eine  geringe  Ab- 
nabme  der  Bliitenknospenbildung  zu  verzeidinen  war,  wenn  das  Blatt: 
Frudit- Verhaltnis  80  :  1  war. 

Neben  der  Starke  ist  die  Hemizellulose  als  ein  widitiges  Speidier- 
kohlenhydrat  erkannt  worden.  Von  Thomas  (71)  und  Proebsting  (56)  wur- 
den  nur  geringe  jahreszeitlidie  Sdiwankungen  des  Hemizellulosegehaltes 
in  Apfelbaumen  festgestellt.  Aus  der  Arbeit  von  Traub  (aus  25)  geht  der 
reziproke  Charakter  von  Starke  und  Hemizellulose  hervor,  der  einen  An- 
stieg von  Pentosanen  zusammen  mit  einer  relativen  Abnahme  von  Hexo- 
sanen  feststellte. 

Der  Hemizellulosegehalt  des  Holzes  von  Apfelzweigen  ist  nadi  Angaben 
von  Smith  (65)  und  Proebsting  (56)  etwa  doppelt  so  grofi  wie  der  der  Rinde. 
Im  Holz  stieg  er  vom  Juni  bis  August  an,  in  der  Rinde  nidit.  Es  sdieint, 
daB  wahrend  der  Vegetationsperiode  die  iibersdiussigen  Zudcer  von  der 
Photosynthese,  die  zum  Stamm  wandern,  in  der  Rinde  in  Starke  und  im 
Holz  in  Hemizellulose  umgewandelt  werden.  Da  die  Rinde  das  Hauptorgan 
der  Kohlenhydrattranslokation  ist,  kann  sie,  nadi  Ansidit  von  Smith  (65), 
zu  dieser  Zeit  nur  Kohlenhydrate  labilerer  Form,  wie  z.  B.  die  Starke, 
besser  als  Hemizellulose  speidiern. 

Wahrend  des  Wadistums  ist  der  Z  u  c  k  e  r  gehalt  der  meisten  holzigen 
Gewebe  relativ  gering.  Eine  Zunahme  des  Zudcergehaltes  wahrend  der 
Ruheperiode  wurde  bei  Apfel-  und  Birnenbaumen  von  Murneek  (46), 
Gardner  (24)  und  Smith  (65)  festgestellt. 

FruchtspieBe:  Sowohl  in  tragenden  (20,3  bis  35,1  Vo  Tr)  als  audi  in 
blutenbildenden  (24,0  bis  30,1  Vo)  ApfelfruditspieBen  wurde  (aus  25)  von 
Mai  bis  September  ein  Anstieg  des  Gesamtkohlenhydrat gehaltes 
festgestellt.  Dieser  Anstieg  ist  wohl  auf  die  assimilatorisdie  Aktivitat 
zurudczufuhren.  Der  Abfall  von  September  bis  Mai  durfte  versdiiedene 
Ursadien  haben.  Der  groBte  Teil  wird  zur  Bildung  anderer  Substanzen, 
ansdieinend  Stidcstoffverbindungen  und  Fettsubstanzen,  benotigt.  Weitei 
ist  diese  Abnahme  (43)  auf  die  Respiration  zuriidczufuhren  und  teilweise 
ist  sie  das  Ergebnis  der  Translokation  in  sidi  neu  entwidcelnde  Blatter, 
Bliiten  und  Friidite.  Das  besonders  ausgepragte  Minimum  im  Mai  in 
fruditenden  Trieben  ist  mit  der  Bliite  in  Zusammenhang  zu  bringen. 

Auffallig  hodi  war  der  Starke  gehalt  von  ApfelfruditspieBen,  die 
bluhen  bzw.  tragen,  sdion  im  Februar  (4,7  ®/o  Tr),  bis  zur  Bliite  im  Mai 
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>\Diaii  {L,D^/9)  loigie.  in  DiuienDuaeiiaen  una  sieruen  rrucaispieoen  iv^aren 
die  Sdiwankungen  ganz  ahnlich,  nur  dafi  der  Gehalt  niedriger  war 
(Februar  3,5  ®/o  bzw.  1  Vo)  und  nach  dem  Minimum  im  Mai  (0,2  Vo)  gleicfa 
wieder  bis  September  ein  Anstieg  einsetzte  (4,5^0  bzw.  2,5  ®/o)  (aus  25). 

Der  Hemizellulose  gehalt  im  neuen  Zuwadis  tragender  bzw.  bliihen- 
der  ApfelfniditspieBe  war  aufierordentlidi  hodi  (72,  45)  (von  April  bis 
JuU  18  bis  22  Vo  Tr). 

Der  Gesamt  z  u  c  k  e  r  gehalt  in  tragenden,  bliitenbildenden  und  sterilen 
Apfelfruditspiefien  zeigte  verhaltnismaBig  wenig  Unterscfaiede;  die  assimi- 
latorisdie  Fahigkeit  der  Blatter  sdieint  den  Zuckergehalt  der  FruditspieBe 
immer  wieder  herzustellen.  Im  Mai  ist  ein  Minimum  zu  verzeichnen  ge- 
wesen  (etwa  1  Vo  Tr),  dem  ein  langsamer  Anstieg  bis  Januar  (5*/o)  folgte 
(aus  25). 

Bluten  und  Fruchte:  Howlett  (29)  fand,  dafl  der  Starkegehalt 
von  Apfelbliiten  zusammen  mit  alien  Polysacdiariden  keinen  grofien 
Sdiwankungen  bis  zur  Vollbliite  unterlag  und  erst  nadi  dem  PetalfaJl  etwas 
abnahm,  da  die  Bliitenblatter  einen  relativ  hohen  Gehalt  dieses  Kohlen- 
hydratanteils  haben.  Audi  der  Zudcergehalt  zeigte  wahrend  der  Periode 
rasdier  Entwidclung  vor  der  Vollbliite  einen  rapiden  Anstieg,  was  auf 
den  grofien  Gehalt  der  Bliitenblatter  an  Zudcer  zuriidczufiihren  ist;  das 
wird  audi  aus  der  Abnahme  nadi  dem  Bliitenblattfall  deutlidi. 

Nadx  Askew  (7)  beginnt  die  Starkespeidxerung  in  den  peripheren  Zonen 
der  Apfel  und  sdireitet  bis  zum  Kernhaus  hin  vor.  Bei  der  Reife  wird  die 
Kemhausgegend  zuerst  starkefrei.  Nadi  Caldwell  (11)  variiert  der  Starke- 
gehalt von  Sorte  zu  Sorte  und  von  Jahr  zu  Jahr  innerhalb  einer  Sorte. 
Besonders  bei  geringer  Liditdauer  und  -intensitat  und  bei  relativ  niedrigen 
Temperaturen  wahrend  der  Wadistumsperiode  war  der  Starkegehalt 
aufierordentlidi  hodi  im  Vergleidi  zum  Zudcerspiegel.  Caldwell  fiihrte  das 
auf  geringe  Diastaseaktivitat  zuriidc. 

Widdowson  (76),  Archhold  (5)  und  A7ien  (2)  fanden  bei  Apfeln  erst  ab 
Juni  Starke,  der  Gehalt  stieg  bis  August  (etwa  1,5  Vo  Fr),  und  im  Oktober 
war  keine  Starke  mehr  nadiweisbar  gewesen. 

Aus  Untersudiungen  von  Lott  (40)  geht  hervor,  dafi  dem  Starkegehalt  im 
Fruditfleisdx  von  Pfirsidien  nadx  anfanglidier  Zunahme  im  Mai  (von 
0,13  ®/o  auf  0,38  Vo  Fr)  eine  Abnahme,  die  geringen  Sdiwankungen  unter- 
liegt  bis  Juli  (0,13  Vo)  und  dann  wieder  elne  Zunahme  folgt  (0,31  Vo).  Ira 
Stein  war  ein  stetiger  Anstieg  (von  0,39  ®/o  auf  2,26  Vo)  festzustellen  ge 
wesen,  audi  im  Kern  stieg  der  Gehalt  (2,84  Vo  auf  4,23  Vo)  an. 

Ahnlidi  der  Starke  waren  die  Veranderungen  des  Hemizellulose- 
gehaltes  bei  Apfeln  gewesen  (76,5,  45),  nur  dafi  der  Gehalt  hoher  lag  und 
vom  Beginn  der  Feststellungetr  an  im  Absinken  begrilf^n  war,  ohne  einen^ 
Nullpunkt  zu  erreidien. 

Pfirsidie  zeigten  (40)  einen  Anstieg  des  Hemizellulosegehaltes  von  Mai 
bis  Juni  (0,6  Vo  auf  1,01  Vo).  danadi  sank  der  Gehalt  (0,74  Vo),  stieg 
wieder  an  und  sank  abermals  bis  Juli  ab  (0,23  Vo).  Im  Stein  war,  abgesehen 
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von  geringen  Schwankungen,  ein  standiger  Anstieg  von  Mai  bis  Juli 
(4,13  ®/o  bis  14,50*/o)  festzustellen  gewesen,  danadi  folgte  ein  geringes  Ab- 
sinken  (14,02  Vo).  Der  Hemizellulosegehalt  des  Kernes  sank  von  Juli  an  ab 
(3.58  Vo  auf  0.76  •/•). 

Ardibold  und  Barter  (6)  konnten  feststellen,  daB  die  Z  u  c  k  e  r  konzentra- 
tion  in  Apfeln  auf  der  geroteten  Seite  hoher  als  auf  der  ungefarbten  Seite 
war,  und  daB  sie  vom  Stengel  zum  Kelchende  und  von  innen  nadi  auBen 
zunahm.  Allen  (2)  stellte  fest.  daB  mit  fortsdxreitender  Reife  der  Zucker- 
gehalt  der  Friidite  anstieg  und  Kokin  (36)  fand,  dafi  am  Ende  der  Baum- 
reife  der  groBte  Anteil  am  Zucker  auf  Fruktose  fallt,  die  die  Glukose  um 
das  Sedxsfadxe  und  die  Saccharose  um  das  Aditfadie  iibertrifft.  Leonard 
und  Dusimann  (37)  fanden  ebenfalls.  daB  Fruktose  den  Hauptanteil  des 
Zuckers  in  Apfeln  ausmadite,  daB  aber  die  anderen  Zucker  audi  in  betradit- 
licfaen  Mengen  vorhanden  sind.  Diese  Angaben  fanden  in  einer  Arbeit  von 
Eoff  (18)  Bestatigung. 

Bei  Birnen  fand  Magness  (41)  einen  merklidien  Anstieg  des  Gesamtzucker- 
gehaltes  vom  zeitigen  Sommer  bis  zur  normalen  Pfliickreife.  Der  Anstieg 
wahrend  der  letzten  Zeit  wurde  nadx  seiner  Ansidit  durdi  Sacdiarose 
hervorgerufen,  wahrend  anfangs  hauptsadilidi  reduzierende  Zucker  Anteil 
hatten.  Dementgegen  geht  aus  einer  Arbeit  von  Ai7en  (2)  hervor,  daB  der 
Anteil  der  reduzierenden  Zucker  aucii  zur  Zeit  der  Reife  noch  weit  iiber- 
wiegt  (6,25  Vo  :  0,97  Vo). 

Untersudiungen  an  Pfirsichen  (40)  zeigten  eine  Abnahme  des  Gesamt- 
zuckergehaltes  von  Mai  (3,66  VoFr)  bis  Anfang  Juni  (1,63  Vo),  dem  folgte 
mit  geringen  Sdiwankungen  eine  Zunahme  bis  Anfang  Juli  (7,92  ®/o).  Im 
Stein  war  bis  Mai  ein  Anstieg  festzustellen  gewesen  (0,73  Vo),  der  abfiel, 
und  im  Juni  waren  nur  noch  Spuren  naciiweisbar.  Im  Kern  stieg  der  Gehalt 
im  Juli  an  (1,0  Vo  auf  2,46  Vo). 

Kokin  (36)  und  aucii  Allen  (2)  stellten  fest,  daB  im  Laufe  der  Entwicklung 
besonders  der  Sacdiarosegehalt  stark  ansteigt  und  gegeniiber  dem  redu-  * 
zierenden  Zucker  stark  liberwiegt. 

Bei  Pflaumen  iibertraf  der  Gesamtzuckergehalt  den  der  Pfirsiche  (36),  dabei 
hatte  die  Sacdiarose  bei  der  Reife  den  groBten  Anteil.  Demgegeniiber  fand 
Barnes  (9),  daB  die  reduzierenden  Zucker  den  Hauptanteil  des  Gesamt- 
zuckergehaltes  bei  Pflaumen  einnehmen,  allerdings  wurden  von  ihr  andere 
Sorten  untersudit. 

Bei  Kirsdien  nahm  nadi  Angaben  von  Caldwell  (12)  der  Gehalt  an  reduzie- 
rendem  Zucker  zu,  wahrend  der  Sacdiarosegehalt  abfiel. 

Das  Reifen  von  Apfeln,  Birnen  und  Pfirsidien  steht  in  engem  Zusammen- 
hang  mit  der  Umbildung  ihrer  P  e  k  t  i  n  bestandteile. 

Reed  und  Bartholomew  (57)  stellten  die  groBe  Widitigkeit  der  Pektinsub- 
stanzen  in  jungen  Friichten  fiir  die  Wassertranslokation  innerhalb  dieser 
Gewebe  heraus. 

Analysen  der  Pektinzusammensetzung  in  Apfeln  vor  der  Reife  ergaben  bei 
den  einzelnen  Forsdiem  untersdiiedlidie  Ergebnisse.  Widdowson  (76)  fand 
nadi  anfanglidier  Abnahme  ab  Juni  einen  konstanten  Gehalt,  wahrend 
Hcdler  (27)  ein  dauerndes  Absinken  feststellte;  allerdings  wurden  ver- 
scfaiedene  Sorten  untersudit. 


c)  Beeinilussung  des  Kohlenhydraigehaltes  durdi  AuBenfaktoren 

Temperatur,  Licht  und  Feuchtigkeit 

Besonders  in  den  ersten  vier  Monaten  der  Entwicklung  sdieinen  Lidit  und 
Temperatur  von  aussdilaggebendem  Einflufi  auf  die  Zuckerkonzentration 
von  Apfeln  zu  sein.  Warme  Temperaturen  und  hohe  Liditintensitat  und 
-dauer  venirsadien  eine  hohe  photosynthetisdie  Aktivitat,  die  den  Zucker- 
gehalt  die  Friidite  stark  ansteigen  lafit,  Wassermangel  bei  zu  hoher 
Temperatur  begrenzt  die  Kohlenhydratbildung  (aus  67). 

Ringelungund  Riickschnitt 

Der  EinfluB  der  Ringelung  auf  den  Kohlenhydrathaushalt  unserer  Obst- 
geholze  in  Verbindung  mit  der  Bliitenbildung  ist  eingehend  untersudit 
worden.  und  besonders  von  Poenicke  (55)  ist  der  grofie  Vorteil  dieser 
MaBnahme,  bei  riditiger  Anwendnug,  dargestellt  worden.  Dabei  ist  keines- 
wegs  zu  iibersehen  (48),  dafi  die  Fordening  des  Bliitenansatzes  durdi  die 
Ringelung  nidit  auf  intensivere  Neubildung  von  Assimilaten,  sondem 
nur  auf  eine  Stauung  zuriickzufiihren  ist.  Zweifellos  werden  in  den 
Blattern  der  geringelten  Zweige  viel  weniger  Assimilate  neu  gebildet,  da 
nidits  abgeleitet  werden  kann  und  sie  selbst  zum  eigenen  Stoffwedisel 
weniger  benotigen.  Diese  MaBnahme  ist  eine  tiefgreifende  Storung  des 
Stoffwediselgesdiehens  im  Baum.  Die  Ringelung  kann  also  nur  von  Erfolg 
sein,  wenn  sidi  die  Baume  in  einem  guten  Ernahrungszustand  befinden  (62). 

Aus  einer  Arbeit  von  Smock  (66)  geht  hervor,  daB  sowohl  die  osmotisdie 
Konzentration  von  Blattern  als  audi  von  Friiditen  auf  Grund  von  Ringe- 
lung anstieg;  eine  Entblatterung  rief  ein  Absinken  hervor,  wahrend  Be- 
'sdiattung  ohne  groBen  EinfluB  war. 

Eine  Strangulation  im  Juni  rief  bei  Apfeln  einen  Anstieg  der  Zucker-  und 
audi  Saurekonzentration  hervor  (8). 

Murneek  (46)  kam  auf  Grund  seiner  Untersudiungen  an  Apfelbaumen  zu 
der  Erkenntnis,  daB  ein  Riidcsdmitt  im  Herbst  von  besonderem  Erfolg  auf 
die  Fruditbildung  ist,  well  dann  die  Kohlenhydrate  weitestgehend  in  die 
Haupttriebe  und  Wurzeln  verlagert  worden  sind. 

E.  Der  Sauregehalt  und  seine  Veranderungen  in  verschiedenen  Organen 

der  Obstgeholze 

Die  Hauptanteile  der  titrierbaren  Saure  unserer  Obstgeholze  sind  die 
Apfel-  und  Zitronensaure,  daneben  sind  Ascorbin-,  Oxal-  und  Mildisaure 
in  sehr  geringen  Mengen  vorhanden.  AuBerdem  ist  die  aktive  Saure  von 
Widitigkeit. 

a)  Der  Sauregehalt 

Rinde,  Holz  und  Triebspitzen:  Wahrend  der  Ruheperiode 
wurde  in  der  Rinde  von  Bimen  von  Oktober  bis  Mlirz,  mit  Ausnahme 
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einer  starken  Sdiwankung  im  Januar,  ein  Anstieg  des  Gehaltes  an  orga- 
niscfaen  Sauren  festgestellt. 

Einen  Anstieg  der  H-Ionenkonzentration  des  aufsleigenden  Saftstromes 
bei  Birnen  fanden  Oserkowaky  (51)  und  Anderasen  (3)  von  Mai  (pH  5,5) 
bis  Oktober  (pH  6,0).  Nadi  dem  Blattfall  zeigte  sidi  ein  weiterer  Anstieg 
(pH  6.3). 

Wesentlidie  Unterschiede  der  H-Ionenkonzentration  zeigten  Triebspitzen 
von  Apfeln  und  Pfirsidien.  Wahrend  im  September  bei  Pfirsidien  ein  aus- 
gesprodienes  Minimum  (pH  4,2)  erreidit  war,  dem  ein  starker  Anstieg 
bis  Februar  folgte  (pH  6,1),  war  bei  Apfeltriebspitzen  der  pH-Wert  nadi 
rapidem  Anstieg  im  Juli  von  August  bis  November  wiederholten  Sdiwan- 
kungen  (zwisdiei  pH  4,6  und  4,9)  unterlegen,  um  bis  Februar  dann  weiter 
anzusteigen  (pH  5,9)  (1). 

FruchtspieBe  und  Bliiten;  Hooker  (aus  12)  fand  aktive  Saure- 
werte  von  pH  5,4  bis  5,5  im  tragenden  Apfelfruditholz  zur  Zeit  der  Bliite. 
Nadi  dem  Fruditansatz  fand  er  Werte,  die  je  nadi  Sorte  von  pH  5,1  bis  5,5 
schwankten.  Fiinf  bis  sedis  Wodien  hielt  die  Abnahme  der  aktiven  Saure 
an.  Der  Prozentgehalt  titrierbarer  Saure  stieg  in  der  gleidien  Zeit  an  und 
zeigte  dann  einen  Abfall  (Marz  1,4  Vo,  Juni  3,3  ®/o,  November  1.7  ^/o).  Zu 
ahnlidien  Ergebnissen  kam  Einset  (17)  bei  seinen  Untersudiungen  des 
pH-Wertes  von  Apfelbliiten  und  -friiditen.  Im  Gegensatz  zu  Hooker  (aus 
12)  war  bei  ihm  der  Gehalt  der  bliitenbildenden  FruditspieBe  an  titrier- 
barer Saure  nidit  so  hodi  und  zeigte  sdion  Mitte  Mai  ein  Maximum. 

F  r  u  c  h  t  e  :  Caldwell  (12)  stellte  eine  strenge  Korrelation  zwisdien  aktiver 
Saure  und  Wassergehalt  der  Friidite  fest,  was  zugleidi  mit  dem  rasdien 
prozentualen  Zuwadis  der  Friidite  zusammenfiel. 

Barnes  (9)  fand  zwisdien  dem  pH-Wert  und  der  titrierbaren  Saure  bei 
Apfeln  und  Pflaumen  eine  strenge  Korrelation.  Howard  (aus  1)  und  Sher- 
man, Thomas  und  Baldwin  (64)  fanden  eine  Korrelation  zwisdien  H-Ionen- 
konzentration  und  der  Aktivitat  versdiiedener  Enzyme. 

Auf  die  Parallelitat  zwisdien  dem  Sdiwefelgehalt  und  der  H-Ionenkonzen- 
tration  wurde  sdion  hingewiesen.  Aus  der  Arbeit  von  Archbold  (4)  geht 
eine  auffallige  Gleidiartigkeit  des  Verlaufes  der  Saure-  und  der  Starke- 
kurve  hervor. 

Allen  (2)  stellte  fest,  daB  bei  Pflaumen  die  Saure  besonders  unter  der 
Sdiale  angereidxert  wird- 

Nadi  Angaben  von  Allen  (2)  variiert  der  Sauregehalt  reifer  Pfirsidie 
zwisdien  0,5  Vo  und  1  "/o,  und  er  stellte  vor  der  Vollreife  eine  Abnahme 
fest.  was  im  Widersprudi  zu  anderen  Untersudiungsergebnissen  steht,  bei 
denen  ein  ste tiger  Anstieg  bis  zur  Saftreife  gefunden  wurde  (aus  40). 

Aprikosen  und  Pflaumen  hatten  einen  ganz  ahnlidien  Gehalt,  und  zwar 
nahm  der  Gehalt  an  titrierbarer  Saure  mit  fortsdireitender  Reife  (2,22  "/o 
bis  1.87  Vo)  ab,  wahrend  der  pH-Wert  anstieg  (pH  2,93  bis  2,96).  Birnen 
haben  einen  sehr  geringen  Sauregehalt. 

b)  Beelnflussung  des  Sduregehaltes  durdi  AuBenfaktoren 

In  Jahren  mit  hoher  Liditintensitat  und  -dauer  ist  der  Sauregehalt  der 
Friidite  (ebenso  wie  der  Zud^ergehalt)  relativ  hodx  (aus  67). 
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Frudite  hervor  (8). 

Dubronow  und  Gladyschewa  (15)  maditen  die  interessante  Feststellung, 
dafi  die  Frudite  aus  verschiedenen  vertikalen  Zonen  des  Baumes  sich  in 
ihren  Eigensdiaften  nidit  gleidien,  was  sidi  in  Gewidxtsunterschieden  und 
dxemisdxer  Zusammensetzung  ausdriidLt  Apfel  hoherer  Baumlagen  be- 
safien  ein  grofieres  Gewidit,  geringeren  Saure-  und  hoheren  Zud^ergehalt. 


F.  Die  Fettsubstanzen  und  ihre  Verdnderungen  in  verschiedenen  Organen 

der  Obatgehoize 

Zweige,  Stamm  und  Wurzeln:  Es  wurde  festgestellt,  daB  grund- 
satzlidi  der  Fettanteil  redit  gering  ist,  und  zum  anderen,  dafi  jungeres  Ge- 
webe  mehr  Felt  enthalt  als  alteres.  Ein  maximaler  Gehalt  wurde  beob- 
aditet,  bevor  das  aktive  Wadistum  beginnt  und  ein  Minimum  nadi  Beendi- 
gung  der  Wadistumsperiode  (aus  25). 

Friichte:  Im  Fruditfleisdi  ist  der  Fettgehalt  von  sehr  geringer  Bedeu- 
tung.  Eine  grdfiere  Menge  Fett  ist  in  den  Samen  der  Frudite  gespeidiert. 
Lott  (40)  stellte  eine  Zunahme  des  Fettgehaltes  im  Kern  von  Pfirsidien  von 
Mai  (0,65  Vo  Ft)  bis  Juli  (23,23  Vo)  fest. 

Die  meisten  Apfelsorten  haben  eine  feste,  did^e  Kutikula,  die  die  Epider- 
mis bededLt.  Die  Starke  der  Kutikula  ist  bei  den  versdiiedenen  Sorten 
untersdiiedlidi.  Die  Apfelkutikula  besteht  aus  einem  atherloslidien  und 
atherunloslidxen  Anteil.  Ersterer  setzt  sidi  hauptsadilidi  aus  Paraffinen  und 
primaren  und  sekundaren  Alkoholen  zusammen,  und  der  atherunloslidie 
Anteil  besteht  aus  Ursolsaure  (CsoHisOs).  Beide  Anteile  nehmen  mit  fort- 
sdireitender  Reife  zu  (aus  67). 


G.   Die  Gerbstoiie  und  ihre  Veranderungen  in  versdiiedenen  FrUditen 

der  Obstgeholze 

Der  Terminus  .Gerbstoffe"  sdiliefit  alle  Substanzen  ein,  die  mit  KMnOi 
unter  bestimmten  kontrollierbaren  Bedingungen  reduziert  werden,  edite 
Tannine,  Tanninderivate,  Flavone  und  ahnlidie  Substanzen  (11).  Das  Tan- 
nin in  den  Apfeln  ist  ansdieinend  ein  Katediingerbstoff  (Flavonderivat)  (70). 

Beim  Reifen  der  Apfel  nimmt  der  Gerbstoff gehalt  ab;  bei  versdiiedenen 
Sorten  ist  er  untersdiiedlidi  (aus  67). 

Bei  Pflaumen  ist  der  Gehalt  als  soldier  und  seine  Sdiwankuugen  audi 
wesentlidi  sortenbedingt  (9). 


H.   Die  Farbsioiie  bei  Fruchten  der  Obstgeholze 

1.   Griine  und  gelbe  Farbstoife 

Ob  die  griine  Farbe  der  Apfelsdiale  vom  gleidien  Chlorophylltyp  wie  die 
der  Blatter  hervorgerufen  wird,    ist  nodi  unbekannt.    Vermutlidi  werden 
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versdiieden^  Chlorophyllarten  diese  griine  Farbe  verursachen.  £s  ist  eben- 
falls  unbekannt,  ob  die  griinlldxe  Farbe  des  Fruditfleisches  durdx  Chloro- 
phyll hervorgerufen  wlrd,  aber  die  Vermutung  liegt  nahe. 

Die  Gelbfarbung  der  Blatter  wird  durch  Xanthophyll  oder  Karotinoide  oder 
durdx  beide  verursacht,  vermutlidi  audi  die  des  Fruditfleisdies  (67). 

Die  Gelbfarbung  versdiiedener  Apfelsdialen  wild  durdx  3-Galaktosidyl- 
quercetin  hervorgerufen. 

Eine  interessante  Feststellung  madxten  Judkins  und  Wandler  (31),  daB 
namlidx  Stidcstoffgehalt,  Blattfarbe  (Intensitat  des  reflektierten  Lldites) 
und  TrodLengewidit  der  Sprosse  parallel  laufen,  so  daB  der  Reflektometer- 
wert  RiidLsdxlusse  auf  die  StidLStoffbediirftigkeit  zulaBt. 

2.  Rote  Farbstofie 

Die  Rotfarbung  der  Sdiale  der  Apfel  wird  durdi  Anthocyane  hervorgerufen 
(16,  60),  die  des  Fleisdies  ansdieinend  audx. 

Overholser  (aus  54)  hat  gezeigt,  daB  das  Lidit  einer  der  widxtigsten  Fak- 
toren  bei  der  Entwid^lung  der  Anthocyanfarbstoffe  bei  unseren  Obst- 
friidxten  ist.  Pearce  und  Streeter  (54)  fanden,  daB  die  Region  von  3600  A  bis 
4500  A  des  Sonnenspektrums  am  einfluBreidxsten  auf  die  Farbung  von 
Apfeln  ist.  Shibata  und  Kimotsuki  und  Tasaki  (aus  54)  stellten  fest,  daB  die 
Lidxtabsorption  bei  der  Farbung  der  Apfel  von  einem  Flavonol  herruhrt. 
Sando  (60)  isolierte  und  identifizierte  Quercetin  aus  Apfelsdialen  und  da- 
mit  ist  erwiesen,  dafi  ein  Flavonol  vorhanden  ist.  Auf  Grund  dieser  Tat- 
sadie  kamen  Pearce  und  Streeter  (54)  zu  dem  SdxluB,  daB  sidx  das  Antho- 
cyan  aus  dem  Flavonol  und  seiner  Glykoside  bildet  unter  dem  EinfluB  des 
Sonnenspektrums  von  3600  A  bis  4500  A. 

Einen  wesentlidien  EinfluB  auf  die  Rotfarbung  hat  audi  die  Temperatur. 
Warme  Tage  und  kiihle  Nadite  wahrend  der  letzten  Zeit  des  Reifeprozesses 
bewirken  die  giinstige  Ausfarbung  (54). 

Durdx  Anwendung  von  Stidcstoffdiingern  kann  die  Antocyanentwid^lung 
eingesdirankt  werden,  einmal  durdx  gesteigertes  Trieb-  und  Blattwadistum, 
und  zum  anderen  durdx  eine  starke  Besdiattung  der  Friidite  durdi  die 
Blatter  (67). 


J.  Die  Enzyme  und  ihre  Verdnderungen  und  Wirkungen  in  versdiiedenen 

Organen  der  Obstgeholze 

1.  Diastase 

In  reifenden  Apfeln  wurde  Diastase  nadxgewiesen.  Es  ware  denkbar,  daB 
hohe  Sommertemperaturen  die  Diastaseaktivitat  begiinstigen,  die  vor- 
zeitige  Hydrolyse  der  Starke  im  Apfelgewebe  hervorruft  (aus  67). 

2.  Oxydase 

Das  Braunen  des  Apfelfleisdies  an  der  Luft  wird  durdx  Oxydation  des  Tan- 
nins und  anderer  Komponenten  hervorgerufen  und  durdx  Oxydase 
katalysiert. 
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zu  sein.  Wahrend  des  Wadistums  der  Apfel  nimmt  die  Oxydaseaktivitat 
ab,  audi  wurden  Standortuntersdiiede  festgestellt  (21). 

Bei  Birnen  wurde  eine  wesentlidi  hohere  Oxydaseaktivitat,  als  sie  bei 
Apfeln  gefunden  wurde,  festgestellt  (19,  20).  Overholser  und  Taylor  (53) 
beobaditeten,  dafi  die  Optimaltemperatur  von  21  bis  23  °  C  die  Enzymtatig- 
keit  bei  Birnen  betraditlidi  steigerte;  war  die  Vollreife  erreidit,  so  war 
kein  so  starker  EinfluB  der  Temperatur  mehr  feststellbar. 

3.  Katalase 

Dieses  Enzym  aktiviert  die  Reduktion  von  H2O2.  Seine  genaue  Bedeutung 
ist  nidit  bekannt.  Es  ist  denkbar,  dafi  es  Toxine  unwirksam  madit,  die  im 
Laufe  der  Entwicklung  gebildet  werden  (21). 

Heinicke  (28)  untersudite  die  Katalaseaktivitat  in  Apfelzweigen  versdiie- 
dener  Sorten  wahrend  der  Ruheperiode.  Er  kam  zu  dem  Ergebnis,  dafi 
grundsatzlidi  im  Phloem  die  Aktivitat  hoher  als  im  Xylem  ist.  Er  vertritt 
den  Standpunkt,  dafi  die  Katalaseaktivitat  von  den  Entwidclungsverhalt- 
nissen  der  Gewebe  abhangt. 

Bei  Friiditen  ist  die  Aktivitat  gewohnlidi  in  der  Sdiale  am  hodisten.  Von 
Einflufi  ist  das  Alter  der  Frudit;  bei  Apfeln  wurde  mit  zunehmender  Reife 
ein  Anstieg  festgestellt,  Standorteinfliisse  konnten  audi  beobaditet  wer- 
den (21). 

Overholser  (52)  fand  eine  Korrelation  zwisdien  Katalaseaktivitat  und  pH- 
Wert,  audi  vermutete  er  einen  engen  Zusammenhang  zwisdien  Respiration 
und  Katalaseaktivitat. 

4.  Weitere  Enzyme 

In  reifenden  Apfeln  wurden  nodi  Esterase,  Protease  (70),  Amylase  und 
Peroxydase  (67)  gefunden. 


K.    Vitamine  in  Friiditen  der  Obstgeholze 

In  Apfeln  wurden  die  1-Ascorbinsaure  und  die  Dehydroascorbinsaure  nadi- 
gewiesen.  Wahrend  der  Gehalt  ersterer  mit  zunehmender  Reife  anstieg, 
nahm  der  Gehalt  an  Dehydroascorbinsaure  ab;  der  Gesamtgehalt  beider 
blieb  pro  Einheit  Frisdigewidit  konstant  (aus  67). 


L.   Die  Respiration  von  Friiditen  der  Obstgeholze 

Bei  der  Respiration  werden  80  Vo  der  gebildeten  Kohlenhydrate  verbraudit, 
nur  etwa  20  Vo  bleiben  zur  Gewebebildung  oder  Speidierung. 

Bei  Apfeln  stellte  Shaw  (63)  den  Respirationsquotient  fest,  und  er  fand  eine 
Abnahme  von  Mai  (0.84)  bis  Juni  (0,46);  danadi  stieg  er  bis  Juli  (0.92) 
wieder  an. 
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r  ruchtbildang  der  Obstgeholze 

Wie  auf  anderen  Gebieten  des  Pflanzenbaues,  so  besteht  audi  im  Obstbau 
durchaus  nodi  keine  endgiiltige  Klarheit  iiber  die  spezifisdie  Wirkung  dei 
..Hormone".  Kobel  und  Spreng  (35)  vermuteten,  daB  die  Jugendsterilitat 
unserer  Obstgeholze  durdi  Hormone  bedingt  ist,  wahrend  er  einen  direkten 
hormonalen  Einflufi  auf  die  Bliitenbildung  ablehnt.  Er  vertritt  den  Stand- 
punkt:  ,Vom  Erreidien  der  Altersform  an  wird  aussdiliefiiidi  durdi  Er- 
nahrungseinfliisse  bestimmt,  ob  Bliiten  angelegt  werden  oder  nidit." 


IV.  Zusammenfassung 

Zusammenfassend  lafit  sidi  folgendes  herausstellen:  Grundsatzlidi  ist  zur 
normalen  Bliiten-  und  Fruditbildung  unserer  Obstgeholze  sowohl  ein 
relativ  hoher  Kohlenhydrat-  als  audi  Nahrstoffspiegel  Voraussetzung. 

Veranderungen  auf  Grund  von  Bliitenknospendifferenzierung  und  Frudit- 
entwidLlung  madien  sidi  nidit  nur  in  allernadister  Nahe  der  betroffenen 
Organe  bemerkbar,  sondern  beeinflussen  mehr  oder  weniger  stark  den 
Stoffwedisel  des  ganzen  Organismus. 

Der  W  a  s  s  e  r  gehalt  ist  nur  wahrend  der  Ruheperiode  relativ  konstant. 
Zur  Zeit  des  Knospensdiwellens  ist  eine  Zunahme  festzustellen.  Im  Juni 
nimmt  der  Feuditigkeitsgehalt  ab.  Tragende  FruditspieBe  weisen  einen 
hoheren  Wassergehalt  als  bliltenbildende  auf  und  diese  sind  wasserreidier 
als  sterile.  Bliitenknospen  haben  einen  hoheren  Wassergehalt  als  Blatt- 
knospen.  Die  besonders  hohe  Transpiration  junger  Friidite  ist  auf  deren 
relativ  grofie  Oberfladie  und  die  nodi  geringe  Ausbildung  der  Kutikula 
zurudLzufiihren.  Die  Entwiddung  junger  Blatter  laBt  die  Transpiration  stark 
ansteigen. 

Ein  relativ  hoher  Gehalt  der  Blatter  an  S  t  i  c  k  s  t  o  f  f  ist  die  Voraussetzung 
fiir  die  Bliitenbildung.  Dem  Anstieg  des  StidLstoffspiegels  der  oberirdisdien 
Telle  und  der  Wurzeln  bis  zur  Bliite  und  dem  Beginn  des  neuen  Wadistums 
folgt  eine  Abnahme.  Der  Anstieg  im  November  beruht  auf  der  Einwande- 
rung  aus  den  Blattern. 

Sterile  Fruditspiefie  haben  das  ganze  Jahr  hindurch  verhaltnismafiig  wenig 
StidLStoff  im  Gegensatz  zu  den  bliitenbildenden.  Nadi  dem  Aufbliihen  der 
Bliitenknospen  zeigt  sidi  in  den  Fruditspiefien  im  Gegensatz  zu  alien 
iibrigen  Baumteilen  ein  Anstieg  durdi  die  laufende  Zufuhr  von  Reserven, 
die  offenbar  hauptsadilidi  aus  dem  Phloem  stammen.  Spater  geht  der  Stidc- 
stoff  in  die  Friidite  iiber,  und  ein  Absinken  des  Gehaltes  der  FruditspieBe 
ist  zu  beobaditen.  Die  Bliiten  haben  auf  Grund  des  grofien  Anteils  meriste- 
raatisdien  Gewebes  einen  hohen  Stidcstoifgehalt.  Bei  optimalen  Boden-, 
Temperatur-  und  Feuditigkeitsverhaltnissen  ist  der  Stidcstoffgehalt  der 
Friidite  im  Juni  und  im  September  relativ  hodi. 

Der  Phosphor  gehalt  zeigt  relativ  grofie  Ubereinstimmung  mit  dem 
Stidcstoff gehalt.  Besonders  auffallig  ist  der  Anstieg  im  Juni  zur  Zeit  der 
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sterilen  Fruditholz. 

K  a  1  i  u  m  ist  in  den  Blattern  in  verhaltnismaBig  reidilidier  Menge  vor- 
handen. 

Sterile  FruditspieBe  haben  gegeniiber  bliitenbildenden  nur  einen  geringen 
Gehalt.  Nadi  dem  Aufbliihen  der  Bliitenknospen  im  Mai  ist  in  den  fertilen 
Fruditspiefien  ein  Abfall  des  Kaliumgehaltes  festzustellen,  dem  ab  Septem- 
ber wieder  ein  Anstieg  folgt.  In  den  librigen  Baumteilen  ist  der  Kaiium- 
gehalt  sehr  untersdiiedlidi  und  mehr  oder  weniger  starken  Sdiwankungen 
unterlegen. 

Calcium  wird  im  Herbst,  ebenso  wie  Kalium,  nidit  aus  den  Blattern  zu- 
riidcgezogen.  Es  ist  das  in  groBter  Menge  vorkommende  Mineral,  nur  die 
Erudite  sind  relativ  calciumarm. 

Der  Schwefel  gehalt  ist  dem  Phosphorgehalt  umgekehrt  proportional, 
es  zeigt  sidi  audi  eine  gewisse  Ubereinstimmung  mit  der  H-Jonenkon- 
zentration. 

Die  iibrigen '  besprodienen  Mineredien,  Eisen,  Magnesium,  Siliclum,  Na- 
trium, Chlor,  Aluminium,  Mangan,  Bor,  Kupfer,  Zink,  Jod,  sind  in  mehr 
Oder  weniger  geringer  Menge  in  den  einzelnen  Organen  der  Obstgeholze 
vorhanden  und  ebenfalls  jahreszeitlidx  bedingten  Sdiwankungen  unter- 
legen. 

Der  Kohlenhydrat gehalt  ist  grundsatzlidi  im  Holz  groBer  als  in  der 
Rinde  und  in  den  Wurzeln  hoher  als  in  oberirdisdien  Organen. 

Die  Starke  ist  im  allgemeinen  dem  Stidcstoffgehalt  umgekehrt  proportional, 
was  besonders  deutlidi  im  fertilen,  bliitenbildenden  und  sterilen  Fruditholz 
zum  Ausdrudc  kommt 

Die  Hemizellulose  unterliegt  verhaltnismaBig  geringen  Sdiwankungen;  im 
Holzteil  ist  der  Gehalt  hoher  als  in  der  Rinde. 

Demgegeniiber  ist  der  Zudcergehedt  in  der  Rinde  hoher  als  im  Holzteil.  Es 
zeigt  sidi  ein  allgemeines  Abfallen  des  Zudcergehaltes  im  Friihjahr  durdi 
Respiration,  Translokation  zu  den  Blattern  imd  Verbraudi  bei  der  Bildung 
komplexer  Verbindungen.  Im  Winter  zeigt  sidi  ein  Anstieg  mit  einem 
Maximum  im  Februar. 

Der  Zudcergehalt  der  Bliiten  weist  bis  zur  VoUbliite  auf  Grund  des  hohen 
Gehaltes  der  Bliitenblatter  einen  Anstieg  auf,  wahrend  die  anderen  Kohlen- 
hydratanteile  geringen  Sdiwankungen  unterlegen  sind. 

In  Friiditen  ist  Starke  je  nadi  Art  und  Sorte  eventuell  erst  ab  Juni  nadi- 
weisbar,  und  ab  August  folgt  sdion  wieder  eine  Abnahme  zugunsten  des 
Anstieges  des  Zudcergehaltes.  Dabei  entfallt  der  groBte  Anteil  bei  Apfeln 
auf  Fruktose,  bei  Birnen  und  Pfirsidien  auf  Sacdiarose. 

Zu  untersdiiedlidien  Ergebnissen  fuhrten  die  Untersudiungen  des  Pektin- 
gehaltes. 

Ein  ausgesprodienes  S  a  u  r  e  minimum  ist  zur  Zeit  der  VoUbliite  in  alien 
Teilen  des  Baumes  zu  beobaditen  gewesen.  Im  Fruditholz  war  eine  Ab- 
nahme der  H-Jonenkonzentration  und  eine  Zunahme  der  titrierbaren  Saure 
nadi  dem  Fruditansatz  zu  beobaditen.  Es  besteht  eine  Korrelation  zwisdien 
Saureanstieg  und  Starkegehaltsabnahme.  Im  allgemeinen  nimmt  mit  fort- 

122 


sdireitender  Reite  der  Gehalt  der  Friidite  an  titrierbarer  Saure  ab,  wahrend 
der  pH-Wert  ansteigt. 

Optimale  Bedingungen  lassen  Saure-  und  Kohlenhydratgehalt  der  Friidite 
ansteigen. 

F  e  1 1  substanzen  sind  in  jiingerem  Gewebe  mehr  als  in  alterem  vorhanden, 
und  ein  maximaler  Gehalt  ist  in  der  Zeit  kurz  vor  Einsetzen  des  aktiven 
Wadistums  zu  beobaditen. 

Gerbstoffe  zeigen  im  allgemeinen  mit  zunehmender  Frucfatreife  eine 
Abnahme. 

Optimale  Aufienbedingungen  verursadien  eine  gute  Ausbildung  der  F  a  r  b- 
s  t  o  f  f  e.  Die  Rotfarbung  der  Apfel  beruht  ansdieinend  auf  dem  Vorhanden- 
sein  von  Flavonol,  das  unter  giinstigen  Liditverhaltnissen  in  Anthocyan 
iibergefuhrt  wird. 

In  Kernobstfriiditen  wurden  an  E nz  y  m  e  n  nadigewiesen:  Diastase,  Oxy- 
dase, Katalase,  Estarase,  Protease,  Amylase  und  Peroxydase,  deren  Wert 
und  jahreszeitlidie  Veranderungen  im  einzelnen  mehr  oder  weniger  gut 
bekannt  sind. 

Die  Ascorbinsaure  zeigt  wahrend  der  Entwidclung  der  Friidite  keine 
Sdiwankungen  in  ihrem  Gesamtgehalt. 

Besonders  zu  Beginn  der  FruditentwidLlung  ist  die  Respiration  sehr 

stark. 

Die  RoUe  der  Hormone  bei  der  Bliitenbildung  der  Obstgeholze  ist  bis- 

her  nodi  nidit  endgiiltig  geklart. 

Die  Nahrstofftheorie  von  Klebs  sdieint  mit  gewissen  Einsdirankungen  auf 
Grund  der  besdiriebenen  Tatsadien  Giiltigkeit  zu  haben. 


Diese  Abhandlung  stellt  einen  Auszug  aus  einer  am  Institut  fiir  Obst-  und  Ge- 
musebau  der  Martin-Luther-Universitat  Halle- Wittenberg  1952  gefertigten  Diplom- 
arbeit  dar. 
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Vorkommen  in  der  Bedeckung  von  Rapsstroh 

Aus  dem  Institut  fiir  Gartenbau  Dresden-Pillnitz  der  Deutsdien  Akademie 

der  Landwirtsdiaftswissensdiaften  zu  Berlin 

Von  Heinz  Rdmsch 


Im  Rahmen  von  Bodenbedeckungsversudien  im  Obstbau  wurde  der  Ein- 
flufi  einer  Abdeckung,  insbesondere  mit  Rapsstroh,  auf  das  Vorkommen 
von  Pilzen  und  Bakterien  gepriift.  Wie  reidihaltig  die  Besiedelung  durdi 
die  Pilzflora  ist,  wurde  an  Rapsstroh,  das  iiber  sedis  Monate  unter  Obst- 
kulturen  als  Bedeckung  lag,  festgestellt.  Die  Anzudit  der  Pilze  erfolgte 
sowohl  durdi  Auflegen  von  Rapsstrohteilen  auf  Wiirzeagar  wie  durdh 
mehrstiindiges  Sdiiitteln  einer  bestimmten  Menge  Rapsstroh  im  Sdiiittel- 
apparat  mit  sterilem  Wasser.  Diese  Keimabsdiwemmung  wurde  dann  im 
Verlauf  weiterer  Verdiinnungen  zum  Anlegen  von  Wiirzeagarplatten  ver- 
wendet.  Beide  Methoden  gaben  zusammen  einen  Uberblick  iiber  die  An- 
zahl  der  vorhandenen  Pilze  wie  iiber  ihre  qualitative  Zusammensetzung. 

Uberwiegend  entwidcelten  sidi  bei  beiden  Kulturmethoden  die  Gattungen 
Penicillium  und  Scopulariopsis  etwa  zu  50®/o,  Fusarium  mit  15®/o,  Tricho- 
derma  mit  Cephalosporium  zu  15  Vo,  Mucorarten  und  untersdiiedlidiste 
Bodenpilze  zu  5Vo.  Bemerkenswert  ist  der  iiberragende  Anteil  der  Peni- 
cilliumarten;  sie  stellen  fast  die  Halfte  aller  vorkommenden  Pilzmycelien 
dar,  die  das  Rapsstroh  durdiziehen.  Mit  wenigen  Ausnahmen  ist  diese 
Gattung  zur  kraftigen  Zellulosezersetzung  befahigt.  Nadi  der  Anzahl  ihres 
Auftretens  wurden  im  einzelnen  folgende  Arten  bestimmt: 

Penicillium  crustosum, 

commune, 
„  expansum, 

dirysogenum, 

notatum, 

intricatum, 

luteum  viridum, 

albo  roseum, 
vereinzelt  dann  „  baculatum, 

Wortmannii, 
„  bruneo  rubrum. 

Penicillium  crustosum  stellte  von  alien  Sdiimmelpilzen  den  iiberragend- 
sten  Anteil,  er  ist  zugleidi  als  kraftiger  Zellulosezersetzer  bekannt.  Fast 
samtlidie  Penicillien  finden  wir  im  Acker-  und  Gemiiseland  vor,  audi 
siedeln  sie  sidi  gem  im  Erdboden  unter  Obstkulturen  an. 

Mit  der  Gattimg  Penicillium  kam  haufig  Scopulariopsis  zur  Entwicklung, 
etwa  im  Verhaltnis  4:1,  d.  h.  auf  vier  Sdiimmelpilze  wurde  ein  Scopu- 
lariopsis beobaditet. 
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F.  lactis,  F.  avenaceum, 

F.  oxysporum,  F.  lateritium  und 

F.  dimerum,  F.  culmorum. 

Die  Fusarien  gehdren  mit  zu  den  intensivsten  zelluloseabbauenden  Or- 
ganismen.  Als  weitere  kraftige  Zellulosezersetzer  im  Rapsstroh  wurden 

Tridioderma  lignorum  und 

Koningi 

auf  den  Wiirzeagarplatten  herangezogen,  dodi  sind  sie  zahlenmaBig  bei 
weitem  nidit  so  haufig  wie  die  eingangs  erwahnten  Penicilliumarten.  Sie 
stellten  mit  der  Gattung  Cephalosporium  herbarum  mitunter  grofiere  Ver- 
gesellsdiaftungen  dar. 

An  weiteren  Bodenpilzen,  denen  alle  mehr  oder  weniger  die  Fahigkeit  der 
Zellulosezersetzung  zukommt,  konnten  bestimmt  werden: 

Tridiothecium,  Arthrobothris  superba, 

Acremonium,  Alternaria, 

Clasterosporium,  Tonila  conglutinata, 

Stemphylium,  Monilia  nigra. 

Die  ebenfalls  zum  Abbau  der  Zellulose  befahigten  Verticilliumarten 
konnten  im  Rapsstroh  nidit  ermittelt  werden.  Ebenfalls  konnte  bei  der 
Priifung  auf  Filtrierpapier  in  alkalisdier  wie  in  saurer  Nahrlosung  (Stapp- 
sdier  Nahrlosung)  trotz  Anlegen  von  Wiirzeplatten  nur  einmal  ein  Ver- 
treter  einer  groBen  Gruppe  kraftiger  Zellulosezersetzer  gefafit  werden, 
und  zwar  Aspergillus  glaucus.  Es  mag  wohl  daran  liegen,  dafi  sein  Auf- 
treten  im  Gegensatz  zu  den  anderen  Vertretern  der  Familie  weniger  Feudi- 
tigkeit  beansprudit.  Da  die  Temperaturen  im  Rapsstroh  wahrend  der 
Sommermonate  sehr  hodi  liegen,  findet  diese  Familie  mit  der  damit  ver- 
bundenen  Feuditigkeitsabnahme  keine  ausreidienden  Lebensbedingungen 
mehr  vor,  andererseits  wird  bei  absinkenden  Temperaturen  sdinell  ihr 
Wadistumsminimum  erreidit.  Untersudiungen  iiber  pilzlidie  Vorkommen 
im  Sdiilf  und  Kartoffelkraut  ergaben,  daB  hier  wieder  zahlreidie  Asper- 
gillusarten  vorkamen. 

An  Pektinzersetzern  war  die  Rapsstrohbededcung  mit  folgenden  Pilzen 
besiedelt: 

Alternaria  tenuis, 

brassicae, 

Mucor  racemosus, 
spinosus, 
globosus, 
hiemalis, 

und  vereinzelt  „      Ramannianus 

128 


Besonders  widitig  ist  Alternaria  tenuis,  der  bei  der  Tauroste  des  Flachses 
die  aus  Pektin  bestehende  Mittellamelle  der  Zellwand  auflost  (1).  Nach 
Rusdimann  ist  er  ebenfalls  in  der  Lage,  das  feste  Pektin  zwisdien  den  ein- 
zelnen  Zellen  und  die  Zellulose  seibst  anzugreifen. 

Mitunter  entwickelte  sidi  die  Mucorart  Rhizopus  nigricans,  die  keine  Pek- 
tine  angreift,  sondern  den  Abbau  der  Eiweifistoffe  im  pflanzlidien  Gewebe 
vollzieht  (2). 

Gegen  die  Bedeckungsarten  wird  oft  eingewendet,  dafi  sie  im  besonderen 
Mafie  die  Vermehrung  der  parasltaren  Pilzkrankheiten  in  Obstknlturen 
begiinstigen.  Die  Untersudiung  in  der  Rapsstrohbedeckung  hat  aber  ge- 
zeigt,  dafi  die  Erreger  der  Braun-  oder  Sdiwarzfaule  (Monilia  fructigena), 
des  Lagersdiorfes  (Fusicladium  dendriticum),  der  Graufaule  (Botrytis 
cinerea),  der  Bitterfaule  (Gloeosporium,  Tridiothecium  roseum  usw.)  iiber- 
haupt  nidit  oder  ganz  vereinzelt  angetroffen  wurden.  Um  aber  evtl.  einer 
jahreszeitlidi  bedingten  vermehrten  Ansiedlung  pathogener  Krankheits- 
erreger  vorzubeugen,  wurde  die  Rapsstrohbedeckung  mit  Karbolineum  ge- 
trankt.  Das  impragnierte  Rapsstroh  wurde  nach  dem  Hereinholen  von  der 
Parzelle  sofort  unter  dem  Binokular  auf  Vorhandensein  von  Pilzmycelien 
untersucht.  Dabei  ergab  sidi,  dafi  an  den  Stellen,  wo  das  Karbolineum  als 
dichter  und  dicker  Uberzug  iiber  den  Rapsstengeln  verlief,  keine  Pilz- 
mycelien beobachtet  wurden.  Dagegen  enthielten  die  Rapsstengel,  bei 
denen  sich  der  Karbolineumbelag  durch  die  Witterungseinfliisse  ab- 
geschwacht  hatte,  feine  Spinnfasem  pilzlicher  Mycelien.  Das  impragnierte 
Rapsstroh  wurde  daraufhin  in  Petrischalen  gebracht,  die  ein  Viertel  mit 
Leitungswasser  angefiillt  waren  und  bei  30^  C  im  Brutschrank  aufbewahrt 
wurden.  Nadi  Verlauf  von  14  Tagen  wudisen  samtliche  Pilze  aus,  die  wir 
auch  an  nidit  impragniertem  Rapsstroh  vorgefunden  hatten:  Fusarien,  Peni- 
cillien,  Alternariaarten,  Mucorarten  usw.  Die  mit  Karbolineum  dick  iiber- 
zogenen  Rapsstengel  wurden  hierbei  ebenfalls  mit  Spinnfasern  iiberzogen, 
doch  bradien  aus  ihnen  nodi  keine  Mycelien  direkt  hervor.  Es  ergab  sidi 
daraus,  dafi  die  Impragnierung  mit  Karbolineum  den  pilzlidien  Angriff  auf 
das  organisdie  Bedeckungsmaterial  unmoglicii  macht,  wenn  der  Karboli- 
neumbelag an  alien  Rapsstrohteilen  gleichmafiig  dick  angebracht  ist.  Ob 
vom  wirtsdiaftlidien  Gesiditspuiikt  und  anderen  Erwagungen  aus,  die  das 
Bedeckungsverfahren  so  wertvoU  ersdieinen  lassen,  die  Impragnierung 
rait  Karbolineum  grofien  Nutzen  verspridit,  werden  die  angestellten  Unter- 
suchungen  weiter  ergeben. 

Die  Erhohung  der  Warme,  die  im  bedeck  ten  Boden  beobaditet  wird,  wurde 
durch  die  grofiere  Bakterienanzahl  im  Vergleidi  zu  unbededLtem  Boden 
bestatigt.  In  einem  Zeltraum  von  sedis  Monaten  wurden  sogenannte  Cho- 
lodnyplatten  in  den  Boden,  die  mit  Rapsstroh,  Schilf,  Kartoffelkraut  und 
Obstreisig  beded^t  waren,  eingegraben  und  drei  Wochen  der  Bakterien- 
ansiedlung  iiberlassen.  Da  auch  das  organische  Bedeckungsmaterial  von 
Bakterien  angegriffen  wird,  wurden  zum  Vergleich  hierzu  soldie  Cholodny- 
platten  audi  in  der  BededLung  ausgelegt  und  mit  Holzklammern  am  Ma- 
terial befestigt.  Diese  Objekttrager  wurden  nadi  Ablauf  der  Zeit  dem  ge- 
brauchlidien  Fixier-,  Abspiil-  und  Farbeverfahren  mit  Phenol-Erythrosin 
unterzogen.  Gezahlt  wurden  alle  erkennbaren  Kokken.  Kurz-  und  Lang- 
stabchen;  nicht  gezahlt  wurden  Pilzsporen,  Kieselalgen  und  Mycelfaden. 


zogen  auf  einen  Quadratzentimeter.  Bei  der  Auswertung  der  Flatten  ergab 
sidi,  dafi  die  iiberwiegende  Mehrzahl  der  gezahlten  Bakterienformen  auf 
Kokken  entfallen,  dann  folgen  Kurzstabdien,  w^rend  Langstabdien  we- 
niger  in  Ersdieinung  traten.  Besonders  auffallend  war  der  hohe  Anteil  der 
Kurzstabchen  in  der  Kartoffelkraut-  und  Rapsbededcung.  Oft  wurde  die 
Erredinung  der  Durdisdinittswerte  fur  die  Besiedlung  auf  einen  Quadrat- 
zentimeter durdi  Massenanhaufungen  von  M^kroorganismen  ersdiwert,  die 
in  einzelnen  Sehfeldem  sidi  als  Zusammenballungen  kokkenartiger  Ge- 
bilde  erwiesen.  Der  hohe  Anteil  der  Actinomyceten  im  Bedeckungsmaterial, 
der  durdi  Glykokollnahrboden  ermittelt  wurde,  gab  dann  hierfur  die  Er- 
klarung.  Im  einzelnen  wurden  fiir  die  verschiedenen  Bedeckungsarten  bei- 
folgende  Zahlen  von  Bakterien  ermittelt,  die  sich  innerhalb  von  drei 
Wodien  auf  dem  Objekttrager  (sogenannte  Cholodnyplatten)  angesiedelt 
hatten: 


im  Raps- 

darunter 

im  Kar- 

darunter 

im  un- 

bedeckten 

Boden 

stroh 

im  Boden 

toffelkraut 

im  Boden 

• 

April 

60  000 

120  000 

80000 

100000 

7000 

Mai 

70  000 

150  000 

90  000 

150  000 

8000 

Juni 

70  000 

160  000 

130  000 

190  000 

30000 

Juli 

100  000 

150  000 

160  000 

200  000 

50  000 

August 

90  000 

130  000 

170000 

200  000 

50  000 

September 

80000 

130000 

120  000 

160  000 

30  000 

Oktober 

60  000 

130  000 

80  000 

110000 

20  000 

im  Obst- 

darunter 

im  Sdiilf 

darunter 

im  \m- 
bedec^ten 

reisig 

im  Boden 

im  Boden 

Boden 

April 

2  000 

8  000 

10  000 

30  000 

7000 

Mai 

2  000 

8  000 

20  000 

60  000 

8000 

Juni 

8  000 

20  000 

50  000 

80  000 

30  000 

Juli 

20  000 

60  000 

50  000 

90  000 

50  000 

August 

20  000 

60  000 

70  000 

120  000 

50  000 

September 

10  000 

40  000 

60  000 

120  000 

30  000 

Oktober 

6  000 

30  000 

50  000 

100  000 

20  000 

Zur  Erganzung  der  Cholodnyplatten-Ergebnisse,  die  in  die  feinere  quali* 
tative  Zusammensetzung  keinen  Einblick  erlauben,  wurde  nach  der  Koch- 
schen  Plattengufimethode  der  Gesamtbakteriengehalt  im  Zeitraum  Ende 
August  —  Anfang  September  sowie  der  Anteil  der  Actinomyceten  und  der 
Anteil  der  Azotobacterarten  ermittelt.  Es  ergaben  sidi: 
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im  Bedeckungs- 
material  pro  g 

unter  dem 

Bedeckungs- 

material  pro  g 

im  unbedeckten 
Boden  pro  g 

Rapsstroh 

Gesamtzahl 

Actinomyceten 

Azotobacter 

865  000  000 
2  000  000 
kein  Vorkommen 

1  725  000  000 

150  000 

140  000  000 

125  000  000 

30  000 

2  000  000 

Kartoffelkraut 

Gesamtzahl 

Actinomyceten 

Azotobacter 

870  000  000 
3  000  000 
kein  Vorkommen 

950  000  000 

300  000 

80  000  000 

125  000  000 

30  000  000 

2  000  000 

Sdiilf 

Gesamtzahl 

Actinomyceten 

Azotobacter 

160  000  000 
3  500  000 
kein  Vorkommen 

587  000000 

100  000 

150  000  000 

125  000  000 

30  000 

2  000  000 

Obstreisig 

Gesamtzahl 

Actinomyceten 

Azotobacter 

24  000  000 
30  000 
kein  Vorkommen 

115  500  000 

40  000 

20  000  000 

125  000  000 

30  000 

2  000  000 

Zur  Kultur  der  Actinomyceten  wurde  GlykokoU-  und  zur  Kultur  der  Azo- 
tobacterarten  Mohrensaft-Agar  verwendet.  Audh  diese  Untersuchung,  die 
nadi  der  Kochsdien  Platten-Methode  durdh  Verdiinnungen  vorgenommen 
wurde,  zeigte  im  Endergebnis  die  Ubereinstimmung  mit  den  Cholodny- 
Platten  insofem,  als  sidi  ein  reidieres  Bodenleben  im  bedeckten  Boden 
zum  unbedeckten  ergab.  Bei  der  Entnahme  der  Bodenproben  wurde  unter 
Rapsstroh,  Sdiilf  und  Kartoffelkraut  eine  sehr  gute  Kriimelstruktur  vorge- 
funden. 

Die  Untersudiungen  wurden  durdigefiihrt  im  Rahmen  einer  Forsdiungs- 
arbeit  iiber  .Bodenbededcung  im  Obstbau  und  der  Baumsdiule"  der  Abt. 
Obstbau  des  Institutes  fiir  Gartenbau,  Dresden-Pillnitz  (Leiter:  Gartenbau- 
inspektor  H.  Miiller). 


Sdirifttiuii: 

1.  Lembke:   Ergebnisse   der   theoretisdien  und  angewandten  Mikrobiologie  Bd.  I, 
S.  146,  NeiKlamm  1943. 

2.  A.  Niethammer:  Die  mikroskopisdien  Bodenpilze.  S.  172,  Gravenhage  1937. 


4' 


131 


Weinbohlaer  Anbaugebietes 

Aus  dem  Institut  fiir  Gartenbau  der  Deutsdien  Akademie  der  Landwirt- 
schaftswissenschaften  zu  Berlin  in  Dresden-Pillnitz 

Von  Walter  Junges  und  Ewald  Ernst 


I.  Problemstellung 

Im  Weinbohlaer  Spargelanbaugebiet  (Bezirk  Dresden)  wird  seit  einer 
Reihe  von  Jahren  —  trotz  guter  Diingung  und  Pflege  der  Knlturen  —  ein 
immer  starker  werdender  Riickgang  der  Spargelertrage  beobachtet.  In 
diesem  Gebiete  wird  der  Spargel  seit  etwa  1890  in  grofierem  Umfang  an- 
gebaut,  und  wahrend  man  fruher  mit  einem  Jahresertrag  von  45 — ^50  dz/ha 
redinen  konnte,  sind  heute  auch  in  giinstigen  Jahren  ErtrSge  von  weniger 
als  20  dz/ha  keine  Seltenheit. 

Der  Ertragsriickgang  resultiert  aus  dem  Sdhwadierwerden  und  Absterben 
einzelner  mehr  oder  weniger  unregelmafiig  uber  die  Anbaufladien  ver- 
teilter  Pflanzen.  Diese  Ersdieinung  wird  im  Anbaugebiet  allgemein  mit 
der  wenigsagenden  Bezeidinung  .Bodenmudigkeit''  belegt,  was  insofem 
eine  gewisse  Berechtigung  hat,  als  die  entsdieidende  Ursadie  des  Ertrags- 
riickganges  nicht  klar  erkannt  wird.  Infolgedessen  sind  aber  audi  keinerlei 
Ansatzpunkte  zur  Behebung  des  Sdiadens  gegeben. 

Von  den  haufigsten  Ursadien  der  .Bodenmiidigkeit"  im  weiteren  Sinne 
(vgl.  Trappmann  [10])  sdieiden  im  vorliegenden  Fall  eine  ganze  Reihe  aus. 
So  kommen  Nahrstoffmangel  und  ungiinstige  Veranderungen  der  Boden- 
struktur  kaum  in  Frage,  da  die  Kulturen  bei  der  Anlage  sehr  tief  bearbei- 
tet,  meist  hinreidiend  mit  Stallmist  versorgt  und  spater  laufend  mineralisdi 
nachgediingt  werden.  Auch  das  vermehrte  Auftreten  tierisdier  Sdiadlinge 
wie  der  Spargelfliege  oder  der  Spargelkafer  sdieidet  als  Ursadie  aus,  da 
die  Spargelmiidigkeit  audi  in  Anlagen  beobaditet  wird,  in  denen  die  be- 
treffenden  Sdiadlinge  nidit  oder  nur  in  unbedeutendem  Umfang  auftreten 
Oder  offensiditlidi  erfolgreidi  bekampft  werden.  Das  gleidie  gilt  fiir  den 
Spargelrost.  Die  durdi  Wurzelaussdieidungen  oder  durdi  die  Zersetzung 
von  WurzelriidLStanden  hervorgerufene  .edite"  Bodenmiidigkeit  fallt  als 
Ursadie  deswegen  aus,  weil  einerseits  mandie  Fladien  mehrmals  nadiein- 
ander  ohne  Sdiaden  Spargel  getragen  haben,  wahrend  andererseits  ver- 
sdiiedentlidi  Boden  Miidigkeitsersdieinungen  zedgten,  die  das  erste  Mai 
mit  Spargel  bebaut  wurden. 

So  bleiben  im  wesentlidien  zwei  Moglidikeiten  of  fen: 

1.  Die  Spargelmiidigkeit  konnte  durdi  einen  Parasiten  hervorgerufen  sein, , 
der  entweder  nodi  nidit  bekannt  ist  oder  sidi  weniger  augenf&llig  zu  er- 
kennen  gibt  und  deswegen  nidit  entsprediend  gewiirdigt  wird. 
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zenschutzberichterstatter  vorgesehene  .Anleitung  zur  Bestimmung  und  Be- 
kampfung  der  wicfatigsten  Schadigungen  der  Kulturpflanzen"  (3)  eingegan- 
gen  ist.  Auch  Teach  (9),  der  die  Ausweitung  des  Spargelanbaues  in  der 
Deutsdien  Demokratischen  Republik  propagiert,  erwahnt  unter  den  Spar- 
gelkrankheiten  die  Fufikrankheit  nidit.  Weise  (11),  der  die  Spargelfufi- 
krankheit  1937  gerade  im  Weinbohlaer  Anbaugebiet  einer  sehr  griind- 
lichen  Untersuchung  unterzogen  hat,  fiihrt  drei  versdiiedene  von  der  Wit- 
tening  abhangige  Symptomenkomplexe  an,  unter  denen  sidi  diese  Krank- 
heit  auBem  kann.  so  dafi  es  nidit  zu  verwundern  ist,  wenn  die  Diagnose 
der  Spargelanbauer  nidit  immer  klar  ausfallt.  Im  Weinbohlaer  Gebiet  ist 
den  Spargelanbauem  vor  allem  ein  Morsdi-  und  Sdiwammigwerden  der 
Sprosse  im  Boden  aufgef alien,  das  sie  als  den  •Schwamm"  des  Spargels  be- 
zeidmen.  Es  handelt  sidi  dabei  ohne  Zweifel  um  die  durdi  Fusarium 
c  u  1  m  o  r  u  m  hervorgerufene  Fufikjankheit,  und  zwar  in  der  von  Weise 
besdiriebenen  sdiwersten  Form,  wie  sie  bei  langjahriger  weitgehender 
Verseudiimg  der  Kulturen  auftritt. 

Als  entsdieidenste  Abwehrmafinahme  hatte  Weise  das  Einebnen  der 
Damme  unmittelbar  na'di  der  Emte  gefordert,  das  im  Weinbohlaer  Anbau- 
gebiet seit  etwa  1920  in  zimehmendem  Mafie  unterlassen  worden  war.  Dar- 
aufhin  wurde  diese  Mafinahme  von  den  Spargelanbauem  zunadist  audi 
k(Misequent  durdigefiihrt.  Im  Laufe  der  Jahre  ging  aber  die  Einsidit  in  die 
Zusammenhange  zwisdien  dem  Einreifien  der  Damme  und  der  Fufikrank- 
heit mehr  und  mehr  verloren,  so  dafi  heute  die  Emte  oft  zu  lange  aus- 
gedehnt  und  die  DSmme  zu  spat  eingeebnet  werden. 

Zwei  weitere,  voa  Wiemer  (13)  besdiriebene  parasitare  Spargelkrank- 
heiten,  nSmlidi  die  Rhizoc  tonia-Krankheit  (1932  audi  in  Weinbohla 
beobaditet)  und  die  Z  o  p  f  1  a  -  Krankheit,  sind  nadi  imseren  Befunden  am 
Niedergang  des  Weinbohlaer  Spargelanbaues  nidit  beteiligt.  Abgesehen 
von  deutlidi  abweidienden  Symptomen  am  Pflanzenindividuum,  rufen 
Rhizoctonia  und  Zopfia  beizeiten  sdiarf  umsdiriebene  Befalls- 
herde  hervor,  wahrend  fur  Weinbohla  der  (iber  die  Anbaufladie  verstreute 
Ausfall  einzelner  Pflanzen  typisdi  ist,  der  erst  im  Laufe  von  Jahren  zu- 
sammenhangende  Liidcen  entstehen  lafit. 

2.  Die  Spargelmiidigkeit  konnte  audi  durdi  Mangel  an  Spurenelementen, 
wenn  nidit  hervorgerufen,  so  dodi  durdi  ihn  mitbedingt  sein. 

Das  uber  die  Anbaufladie  verstreute  Absterben  einzelner  Pflanzen  braudit 
nidit  unbedingt  gegen  Spurenelement-Mangel  zu  spredien,  da  Spargel 
nidit  so  wie  andere  Gemusearten  durdigeziiditet  ist  und  ein  individuell 
versdiiedener  Spurenelementbedarf  vorliegen  konnte.  Fiir  Spurenelement- 
mangel  spridit  die  Beobaditung  der  Spargelembauer,  dafi  Kulturen,  die  auf 
vorher  mit  Kiefem  bestandenen  Boden  neu  angelegt  sind,  zuweilen  aus- 
gezeidmet  gedeihen,  audi  wenn  sie  in  unmittelbarer  Nahe  spargelmiider 
Fl&dien  liegen.  Da  den  Weinbohlaer  Spargelboden  diluviale,  sehr  sorp- 
tionssdiwadie  Sande  zugrundeliegen,  lag  der  Verdadit  auf  Spurenelement- 
Mangel  auf  der  Hand.  Zudem  liefien  uns  die  von  Arnon  (1)  mit  Spuren- 
elementen an  Spargel  durdigefiihrten  Untersudiungen  eine  Spurenelement- 
Dungung  durdiaus  nidit  aussiditslos  ersdieinen,  trotzdem  natiirHdi  audi 
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verglidien  werden  kann,  die  Arnon  zum  Vergleidi  diente.  Die  im  Spargel- 
anbau  iiblidie  Diingung  sdiien  uns  keine  ausreichende  Garantie  fiir  die 
Unmoglidikeit  eines  Mangels  an  Spurenelementen,  so  fand  Reinhold  (7) 
sogar  im  Friihgemiisebau,  also  bei  reidilicher  Verwendung  von  Kompo5t 
und  Stallmist,  latente  Mangelsdiaden,  die  mittels  Mangangaben  behoben 
werden  konnten. 

Da  sidi  Spurenelement-Mangel  sowohl  direkt  sdiadigend  auf  die  Pflanze 
auswirken  als  audi  die  Basis  fur  erhohte  Anfalligkeit  gegen  Krankheits- 
erreger,  wie  z.  B.  Fusarium,  abgeben  kann,  ersdiien  uns  die  Spuren- 
element-Frage  besonders  vordringlidi. 


II.  DungungBverBuch  mit  Sparenelemeiiteii 

I.  Die  Veraudisflddien  in  den    Jahren  vor  der  Spurenelement'Dungung 

Wir  konnten  fiir  unsere  Versudie  im  Weinbohlaer  Spargelanbaugebiet 
zwei  Plantagenbesitzer  gewinnen,  die  uns  ihre  Kulturen  in  dankenswerter- 
weise  zur  Verfiigung  stellten  und  uns  bei  der  Durchfiihrung  der  Versudie 
in  jeder  Weise  unterstiitzten.  In  beiden  Betrieben  (A  und  B)  wahlten  wir 
im  Herbst  1951  eine  mdglidist  gleidimaBig  bestandene  Flache  (von  etwa 
5  a)  aus,  um  1952  nach  Absdilufi  der  Spargelemte,  d.  h.  zu  Beginn  der 
Assimilationstatigkeit,  mit  Spurenelement-Losungen  zu  diingen.  Beide 
Kulturen  (A  und  B)  waren  zweijahhg  und  befanden  sidi  in  gutem  Kultur- 
zustand.  Die  Fladie  A  trug  Spargel  zum  zweiten  Male,  die  Fladie  B  gleich- 
falls  zum  zweiten  Male,  letztere  hatte  aber  vor  diesem  zweiten  Spargel- 
anbau  20  Jahre  lang  andere  Kulturen  getragen. 

Die  Zahl  der  Versudisvarianten  betrug  20,  so  dafi  auf  jeden  der  beiden 
Betriebe  10  entfielen.  Die  Versudie  wurden  im  lateinisdien  ReditedL  (mit 
systematisdier  Anordnung  der  Varianten  innerhalb  der  Blod^e)  angelegt. 
Die  drei  Blodce  lagen  quer  zu  den  Spargelreihen.  Jede  Parzelle  umfafite 
16  Pflanzen,  die  in  der  Reihe  50  cm  voneinander  entfernt  waren,*  der 
Reihenabstand  betrug  150  cm.  Die  Versudisfladie  in  jedem  der  beiden 
Betriebe  umfaBte  einsdilieBlidi  verwaister  Pflanzstellen  375  m*. 

2.  Durdifuhrung  der  Spurenelement-Dungung 

Arnon  (1)  beobaditete  bei  Spargel  in  spurenelementfreien  Losungen 
Wadistumshemmung  und  weitere  Mangelsymptome.  Er  gab  der  Kultur- 
losung  nadieinander  drei  kombinierte  Spurenelementlosungen  (»A4'',  .B?* 
und  ^Cis")  bei. 

E>urdi  Zugabe  der  Losung  .rA4'',  die  die  vier  hauptsadilidisten  Spuren- 
elemente  Bor,  Mangan,  Kupfer  und  Zink  enthielt,  konnte  starkeres  Wur- 
zel-  und  SproBwadistum  erzielt  werden.  Fiigte  er  nodi  Losung  .B?"  (mit 
Molybdan,  Vanadin,  Chrom,  Nidtel,  Kobalt,  Wolfram  und  Titan)  hinzu, 
so  wurde  das  Wadistum  wesentlidi  gesteigert.  Die  Zugabe  der  Losung 
.Cis'  (mit  weiteren  13  Elementen)  blieb  ohne  siditbare  Wirkung.  Leider 
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binierten  Losungen  ^A*"  und  ^B?"  als  Spurenelemente  fungierten. 

Auf  den  Arnonsdien  Untersudiungen  aufbauend,  kamen  in  uns^rem  Ver- 
sudi  sowohl  die  beiden  kombinierten  Losungen  „A4''  und  .B?"  als  auch 
die  in  ihnen  enthaltenen  Elemente  einzeln  zur  Anwendung.  Dariiber  hin- 
aus  wurde  Mangan  in  zwei  weiteren  Formen  (Varianten  5  und  6)  gegeben; 
audi  die  Nadelstreu  (Variante  8)  sollte  in  erster  Linie  eine  Mangangabe 
bedeuten.  Als  weitere  Variante  wurde  Meerwasser  in  den  Versudi  ein- 
bezogen,  da  bei  von  Linstow  (5)  Asparagus  officinalis  als  halo- 
phil  angefiihrt  wird  und  eventuell  Bestandteile  des  Meerwassers  als 
Spurenelement  wirken  konnten.  Die  fiir  die  Herstellung  der  Spuren- 
element-Losungen  verwandten  Chemikalien  waren  ,pro  analysi",  die 
fiir  das  kiinstlidie  Meerwasser  „diemisdi  rein". 

Die  Giefilosungen  enthielten  in  den  einzelnen  Versudis varianten  pro  Liter: 

Versudisfeld  A 

Variante  1  0,5  mg  B  als  HsBOs 

2  0,05  mg  Zn  als  ZnS04'7HsO 

3  0,02  mg  Cu  als  CuS04'5HtO 

4  0,5  mg  Mn  als  MnClt-4HtO 

5  0,5  mg  Mn  als  MnS04*4HiO 

6  0,5  mg  Mn  als  KMnOt 

7  Die  Summe  der  Elemente  der  Varianten  1 ...  4 

8  Leitungswasser  in  Kiefemnadelstreu 

9  Vi2  kiinstlidies  Meerwasser  nadi  Montfort  und  Brandrup  (aus 
SdiTopp  [8]) 

10    Leitungswasser 


Versudisfeld  B 

Variante  11     0,01  mg  Mo  als  MoOs 

12  0,01  mg  V  als  NH4VO3 

13  0,01  mg  Cr  als  CrtKi/(S04)4-24HtO 


O 

CO 


14  0,01  mg  Ni  als  NiS04-6H^  I  jz 

15  0,01  mg  Co  als  Co(N03)f6H20  ^ 

16  0,01  mg  W  als  Nai>W04 

17  0.01  mg  Ti  als  TiO 

18  Die  Summe  der  Elemente  der  Varianten  11  ...  17 

19  1.10-*  n  H:4S04 

20  Leitungswasser 

Nadi  AbsdiluB  der  Spargelernte  1952  (Mitte  Juni)  wurde  bis  zum  22.  Juli 
1952  jede  Pflanze  mit  15  Liter  Losung  in  drei  (Feld  A)  bzw.  vier  (Feld  B) 
Gaben  gegossen.  Zu  diesem  Zwedce  wurden  neben  den  Pflanzen  Mulden 
angelegt,  die  nadi  Bedarf  erneuert  wurden  (Abb.  1).  Wir  eraditen  15  Liter 
pro  Pflanze  dieser  in  den  Arnonsdien  Untersudiungen  bewahrten  Losungen 
fiir  ausreidiend,  einen  Spurenelement-Mangel  zu  beheben. 
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Abb. 


3.  Das  Ergebnis  der  Spureneiemenl-Dungimg 

1953  wurde  die  gesamte  Spargeleinte  nadi  Gevridit  und  Stangenzahl  par- 
zellenweise  durdigefilhrt. 

Nadi  Ausgleidi  der  Bodenstreuung  ergab  sidi  keinerlei  variationsstatistisdi 
gesidierter  Untersdiied  zwisdien  den  Versudisvananten  hinsidiUich 

des  Flachenertrages  (nadi  Gewicht  und  Anzahl  dor  Stangen), 

des  Ertrages  pro  Pflanze, 

des  Ertragsverlaufes  oder 

des  Frozen tsatzes  der  iiberlebenden  Pflanze n. 
Anfang  Juli  und  Anfang  September  wurde  nodimals  die  Pflanzetizahl  auf- 
genommen  und  die  Giiininasse  nadi  Umfang  und  Farbton  bonitiert: 
Audi  darin  waren  keine  gesidierten  Untersdiiede  festzustellen. 
Vor  der  Diskussion  dieses  Befundes  ist  es  notwendig,  die  absoluten  Er- 
trSge  und  den  Kulturzustand  kurz  zu  diarakteri&ieren,  in  dem  sidi  die 
beiden  Versudisfelder   1953  befanden. 

4.  Fladienertrag  und  Zustand  der  VersuchsleldeT  in  den  Versudiajahren 

Da  die  Spurenelement-Diingung  weder  eine  Ertragssteigerung  nodi  eine 
Eitragsminderung  verursadit  hat,  konnen  die  beiden  VersudisflSdien  A 
und  B  einander  ohne  weiteres  gesdilossen  gegenubergestellt  werden, 
Exakte  Versudie  iiber  den  EinfluB  der  Standweite  auf  die   absolute  Er- 
tragsmenge  und  auf  den  Anteil  der  einzelnen  Giiteklassen  der  Stangen 
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liegen  unseres  Wissens  nodi  nidit  vor.  Becker-DUlingen  (2)  halt  eine 
Pflanzenzahl  von  20  000  pro  ha  fur  die  giinstigste.  Er  ist  damit  in  Uber- 
einstimmung  mit  einem  Versudi  der  Landwirtsdiaftlidien  Versucfasstelle 
in  Braunschweig,  die  aus  einem  dreij^rigen  Versudi  sdiloB,  dafi  ein  Be- 
stand  von  20  000  bis  22  000  Pflanzen  pro  ha  bei  guter  Pflege  eine  Erzeu- 
gung  •vorziigiidier'  Stangen  gewahrleiste  (Wendiadi  [12]).  Eine  so  hohe 
Pflanzenzahl  je  ha  kann  aber  nur  bei  geringer  Reihenentfemung  (etwa  1  m 
bis  1,20)  erreidit  werden,  die  jedodi  unweigerlidi  zu  Wurzelbesdiadigun- 
gen  bei  der  Bodenbearbeitung  und  damit  zu  einem  Ansteigen  des  Anteils 
diinner  Stangen  im  folgenden  Erntejahr  fiihren  mufi.  Im  Weinbohlaer  An- 
baugebiet  ist  eine  Entfernimg  von  1,50  mX  0,50  m  iiblidi,  so  dafi  etwa 
13  300  Pflanzen  je  ha  gepflanzt  werden.  Diese  Entfernung  sdieint  mengen- 
und  gutemafiig  die  besten  Ergebnisse  zu  bringen;  sie  ist  audi  fiir  die 
Bodenbearbeitxmg  am  giinstigsten.  Das  SdiidLsal  der  genau  kontrollierten 
Anlagen  erglbt  sidi  aus  folgender  Zusammenstellung: 


Betrieb  AnLagejahr 


Ausfalle  (%) 
1952  1953 


Ertrag  (dz/ha)      Amnerkunq 


1953 


A 

1948 

1 

10 

46,7 

A 

1949 

? 

12 

? 

A 

1951 

? 

65 

— 

B 

1946 

3 

39 

20,9 

C 

1951 

15 

neu  8 

— _  ' 

+ 


+ 


Die  auf  den  Versudisfeldem  (+)  festgestellten  Ertrage  liegen  weit  uber 
dem  Durdisdmitt  der  heute  im  Weinbohlaer  Anbaugebiet  erzielten  Er- 
trage; das  hat  seinen  Grund  darin,  dafi  wir  die  am  besten  und  gleidi- 
mafiigsten  bestandenen  Teilstiidce  der  KuUurfladien  fiir  unsere  Dungungs- 
versudie  ausgewahlt  batten. 

Der  Pflanzenausfall  verstarkt  sidi  von  Jahr  zu  Jahr  in  einem  Ausmafi,  dafi 
von  einer  Wirtsdiaftlidikeit  der  Anlagen  nidit  mehr  gesprodien  werden 
kann.  Eine  grofie  Anzahl  der  nodi  nidit  als  Ausfall  gezahlten  Pflanzen  ist 
iiberdies  zweifellos  sdion  krank  und  wird  in  den  kommenden  Jahren  aus- 
fallen! 

5.  Diskussion  des  Ergebnisses  der  Spurenelement-Diingung 

In  Versudisfeld  B  mit  verhaltnismafiig  niedrigen  Ertragen  hatte  sidi  Man- 
gel an  einem  der  Elemente  Mo,  V,  Cr,  Ni,  Co,  W  oder  Ti  unbedingt  deut- 
lidi  in  Form  einer  Ertragssteigerung  zeigen  miissen. 

Der  wider  Erwarten  normal  ausgefallene  Ertrag  des  gesamten  Versudis- 
feldes  A  weist  darauf  hin,  dafi  weder  extremer  Spurenelement-Mangel  in 
den  Weinbohlaer  Boden  herrsdit,  nodi  latente  Mangelsdiaden  vorliegen, 
die  mittels  Gaben  von  Bor,  Mangan,  Kupfer,  Zink  oder  Meerwasser  be- 
hoben  werden  konnten. 

Bemerkenswert  ist  die  Tatsadie,  dafi  die  unmittelbar  neben  Feld  A  lie- 
gende  Spargelfladie  aus  dem  Jahr  1951  bereits  65  Prozent  Ausfall  an 
Pflanzen  zeigt,  obwohl  sie  das  erste  Mai  Spargel  trug.  Audi  Anlage  B 
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gestanden  hatte.  Aus  diesen  Befunden  ergibt  sidi  eindeutig,  dafi  eine  edite 
durcfa  Wurzelaussdieidungen  des  Spargels  bedingte  Bodenmiidi^eit 
keinesfalls  die  Ursache  des  Ertragsriickganges  sein  kann. 

Da  nidit  anzunehmen  ist,  dafi  sidi  die  im  Sommer  1952  gegebene  Spuren- 
element-Diingung  spater  als  im  Herbst  1953  bemerkbar  madit,  wurde  der 
Versudi  mit  der  Bonitiening  der  Gninmasse  und  der  Pflanzanzahl  im 
September  1953  abgesdilossen. 

Zusammenfassend  kann  gesagt  werden,  dafi  die  Spargelmiidlgkeit  der  dilu- 
vialen  Sandboden  des  Weinbohlaer  Anbaugebietes  n  i  c  h  t  auf  Spuren- 
element-Mangel  beruht.  Offenbar  werden  dem  Boden  mit  den  hohen  Stall- 
mistgaben  bei  der  Anlegung  der  Kulturen  und  mit  der  laufenden  Mineral- 
dungung  dodi  ausreichende  Spurenelement-Mengen  zugefiihrt,  vor  allem, 
wenn  Thomasmehl  als  Phospharsaurediinger  gegeben  wird.  Somit  ist  der 
Spurenelement-Mangel  aus  dem  Kreis  der  moglidien  Ursadien  der  .,Spar- 
gelmiidigkeit"  auszusdieiden. 


III.  Die  Spargelfufikrankheit  als  Ursache  der  ,,Spa]'gelroiidigkeit% 

1.  Die    SpargelfuBkrankheit,    hervorgerufen    durdti    F usar ium 
cul  morum  (W.  G.  Sm.)  Sacc,  im  Weinbohlaer  Anbaugebiet 

Indem  wir  nadiweisen  konnten,  dafi  der  Leistungsriickgang  im  Wein- 
bohlaer Spargelgeblet  weder  direkt  nodi  indirekt  etwas  mit  Spuren- 
element-Mangel zu  tun  hat,  mufi  nadi  dem  oben  gesagten  F  u  s  a  r  i  um 
culmorum  als  Hauptursadie  der  Kalamitat  angesehen  werden. 

Wahrend  Weise  (11)  als  maximalen  Pflanzenausfall  in  einer  Weinbohlaer 
Spargelplantage  26  Prozent  fand,  mufiten  wir  in  einem  Teil  einer  Plantage 
(Versudisfeld  B),  der  uns  1951  nodi  in  durdiaus  passablem  Zustande  er- 
sdiien,  1953  einen  Ausfall  von  39  Prozent  feststellen,  der,  wie  Nadigrabun- 
gen  zeigten,  fast  aussdiliefilidi  auf  den  Befall  durdi  Fusarium  cul- 
morum zuriidezufiihren  war.  Es  ist  dringend  notig,  die  Aufmerksam- 
keit  der  Anbauer  im  folgenden  wieder  auf  die  grundlegenden  Unter- 
sudiungen  Weises  (11)  zu  lenken  und  das  Verstandnis  fiir  die  Konsequen- 
zen,  die  der  Spargelbauer  daraus  Ziehen  mufi,  wadizurufen.  Die  Sidiel- 
sporen  von  Fusarium  culmorum  (Abb.  2)  sind  in  den  Sandboden 
Weinbohlas  ganz  allgemein  verbreitet,  in  lehmig-sandigen  Boden  etwas 
weniger  zahlreidi.  Die  Kulturmafinahmen  und  die  Art  der  Ernte  bringen  es 
mit  sidi,  dafi  alle  Telle  der  Damme  gleidimafiig  mit  Sporen  durdisetzt 
sind.  Im  Weinbohlaer  Gebiet,  wie  audi  in  anderen  Anbaugebieten  mit 
Kleinbetrieben  imd  leidit  wegzuraumendem  Boden,  werden  die  Spargel- 
stangen  nidit  gestodien,  sondern  freigewiihlt  und  herausgedreht. 

Die  drei  versdiiedenen  von  Weiae  angefiihrten  Krankheitsbilder  ergeben 
sidi  aus  den  Lebensbedingungen  des  Erregers  und  stehen  mit  der  jewel- 
ligen  Witterung  in  engem  Zusammenhang.  Fusarium  culmorum 
hat  ein  sdiarf  ausgepragtes  Wadistumsmaximum  zwidien  20  und  25^  C 
und  verlangt  viel  Feuditigkeit.  Infolgedessen  findet  es  in  den  warmea 
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Monaten  Juni  bis  August  im  Innern  der  Damme  die  ihm  am  meisten  zu- 
sagenden  Lebensbedingungen,  und  die*[nfektion  erfolgt  dann  mcist  an  den 
unterirdjschen  Teilen  der  Sprosse  (Ursache  der  ersten  Ersdieinungsform 
der  Spargelfufikrankheit). 


>^^»^/ 


^  w^ 


o    i»   ^  io  ^/^ 


Abb.  2 

Die  Sporen  (Abb.  2)  dringen  nidit  aktiv  in  die  Epidermis  ein,  sondern 
keimen  dort  aus,  wo  eine  Verletzung  der  Epidermis  vorliegt.  Von  der 
Infektionsstelle  aus  durdiwudiert  das  Pilzgefledit  die  Gewebe  der  Pflanze 
und  vergiftet  die  Pflanze  durdi  seine  Aussdieidungen. 

1st  die  oberste  Dammsdiidit  bei  langanhaltendem  Regen  im  Sommer 
geniigend  feudit  und  warm,  so  kann  die  Infektion  in  Hohe  der  Bodenober- 
fladie  eintreten  (Ursadie  der  zweiten,  seltensten  Ersdieinungsform  der 
FuBkrankheit). 

1st  bei  einer  Infektion  in  den  vorangegangenen  Jahren  das  Pilzgefledit 
bereits  bis  zum  Wurzelstodc  vorgedrungen,  so  sind  die  neuen  Triebe  von 
vornherein  krank  und  die  Pflanze  geht  ein  (dritte  Ersdieinungsform).  Der 
Wurzelstodc  selbst  wird,  audi  wenn  Verletzungen  vorliegen,  primar  nidit 
befallen. 

Abgesehen  von  gewissen  Untersdiieden  im  KrankheitsbUd,  die  in  der  ver- 
sdiiedenen  Eintrittsstelle  des  Erregers  begriindet  sind,  miissen  folgende 
den  drei  Ersdieinungsformen  gemeinsame  Kennzeidien  der  FuBkrankheit 
des  Spargels  beaditet  werden: 

Der  im  Boden  stedcende  Teil  des  Stengels  wird  innerlidi  morsdi  und 
sdiwammig  und  farbt  sidi,  je  nadidem  wie  didit  die  Sporen  und  die  Pilz- 
faden  in  ihm  liegen,  rosa  bis  intensiv  karminrot.  AuBerlidi  verfarbt  sidi 
der  Stengel,  soweit  er  im  Damm  stedct,  sdimutzig  rotlidibraun.  Diese 
Symptome  sind  alien  drei  Ersdieinungsformen  der  SpargelfuBkrankheit 
gemeinsam  und  ermoglidien  in  den  weitaus  meisten  Fallen  eine  klare 
Diagnose. 
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Zeit  .stechend  gelb".  In  Weinbohla  erschien  iins  diese  Verfarbung  weniger 
deutlidi,  um  so  auffalliger  madite  sich  das  Umsinken  noch  kaum  verfarbter 
kranker  Pflanzen,  vor  allem  bei  feuchter  Witterung,  bemerkbar.  Die  Rinde 
der  innerlidi  morsdien  Stengel  wurde  dann  gummiartig  elastisch  und 
konnte  die  Pflanze  nicht  mehr  aufrecht  erhalteh. 


2.  Die  Verbreitung  der  SpargelfuBkrankheit  in  weiteren  Spargelanlagen 

des  Bezirkes  Dresden 

Bei  der  starken  Verseuchung  der  Spargelbestande  in  Weinbohla  lag  es 
nahe,  zu  iiberpriifeni  ob  und  wie  stark  der  Spargel  in  anderen  Anbau- 
gebieten  durdi  Fusarium  geschadigt  wird.  Im  Bezirk  Dresden  gibt  es 
Zusammenballungen  des  Spargelanbaues  wie  in  Weinbohla  andernorts 
nidit,  sondern  nur  nodi  Streuanbau,  vor  allem  in  den  Kreisen  Niesky, 
Kamenz,  Dresden,  GroBenhain  und  Riesa.  Es  war  uns  moglidi,  einen  Teil 
der  Anlagen  in  den  letztgenannten  vier  Kreisen  kennenzulernen. 

In  Stenz  bei  Konigsbriick  (Kreis  Kamenz)  hat  sich  seit  einigen  Jahrzehnten 
ein  kleiner  Anbau  entwldcelt,  weil  geeignete  Boden  vorhanden  waren 
und  Pferdediinger  vom  nahegelegenen  Truppeniibungsplatz  in  ausreichen- 
den  Mengen  besdiafft  werden  konnte.  Da  die  Besdiaffung  organischen 
Diingers  jetzt  auf  Sdiwierigkeiten  stoBt  und  die  mitunter  erhaltlidie  Jauche 
stark  mit  Chlorkalk  versetzt  ist,  ist  der  Anbau  im  Zuriidcgehen.  Bei  dem 
dort  filhrenden  Anbauer  mufite  1953  eine  lljahrige  Anlage  bereits  ge- 
rodet  werden,  weil  sie  stark  liickig  geworden  war.  Nach  der  Beschreibung 
des  Besitzers  handelte  es  sich  mit  groBter  Wahrscheinlichkeit  um  Fu- 
sariumbefall.  Eine  1951  angelegte  Kultur  zeigt  besten  Wuchszustand  mit 
vereinzelten  schwach  befallenen  Pflanzen. 

Auch  in  Steinbach  (Kreis  Dresden)  ist  der  Spargelanbau  im  Riickgang.  In 
den  letzten  Jahren  entstanden  hier  nur  drei  Neuanlagen  auf  Landflachen, 
die  noch  nie  Spargel  getragen  haben.  Diese  ein-  und  zweijahrlgen  An- 
lagen zeigten  ein  gutes  Wachstum;  nur  vereinzelt  war  in  zweijahrlgen 
Anlagen  schwadier  Befall  mit  Fusarium  zu  finden.  Dagegen  war  in  einer 
etwa  drei-  bis  vierjahrigen  Anlage  (30  bis  40  m*)  am  Waldrande  auf  an- 
moorigem  Sandboden  fast  jede  Pflanze  mehr  oder  weniger  stark  von  Fu- 
sarium befallen. 

In  Frauenhain  (Kreis  GroBenhain)  besteht  eine  ISjahrige  Anlage  (der  Be- 
wirtsdiafter  stammt  aus  dem  Weinbohlaer  Anbaugebiet),  die  Liidcen  durch 
Altersausfall  aufweist,  jedoch  nur  vereinzelt  fusariumkranke  Pflanzen 
zeigt.  Eine  zweijahrige  Anlage,  6  Jahre  nadi  der  Rodung  einer  dort  stehen- 
den  Spargelanlage  gepflanzt,  ist  vollkommen  gesund. 

In  einer  1951  in  Mergendorf  (Kreis  Riesa)  auf  Neuland  gepflanzten  Neu- 
€Uilage  waren  —  trotz  schlediten  Pflegezustandes  —  nur  vereinzelte 
Pflanzen  von  Fusarium  befallen. 

Uber  die  Verbreitung  der  SpargelfuBkrankheit  in  dem  Hauptanbaugebiet 
der  Deutsdien  Demokratisdien  Republik,  in  der  Osthalfte  des  Bezirkes 
Magdeburg,  konnten  wir  leider  nidits  Naheres  erfahren. 
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An  eine  Ausrottung  des  Fusariumculmorum  in  den  Spargelanlagen 
durdi  Bodendesinfektion  ist  wegen  der  allgemeinen  Verbreitung  der 
Sporen  im  Spargelboden  und  wegen  ihrer  von  Weise  festgestellten  groBen 
Widerstandsfahigkeit  gegen  Kupfer-,  Quedcsilber-  und  Arsenmittel  gar 
nidit  zu  denken.  Eine  entsprediende  Behandlung  des  gesamten  Bodens 
einer  Spargelanlage  ware  viel  zu  umstandlidi  und  vor  allem  zu  kostspielig. 
Lokale  Desinfektion  in  unmittelbarer  Umgebung  der  Pfianzen  ist  wegen 
der  mit  den  Kulturmafinahmen  und  der  Ernte  verbundenen  Wiihlarbeit, 
sowie  wegen  der  leiditen  Sporeniibertragung  durch  den  Wind  praktisdi 
aussiditslos. 

Wegen  der  geringen  Spezialisierung  des  Fusarium  culmorum  wird 
die  Zuditung  fusarium-resistenter  Spargelsorten  kaum  moglidi  sein. 
Fusariumculmorum  kommt  nidit  nur  als  Parasit  an  Spargel  und  an 
Sommerastern  (Asternwelke)  vor,  sondern  ist  so  wenig  ansprudisvoll,  daB 
es  audi  von  samtllchen  toten  Teilen  der  Spargelpflanzen,  also  saprophy- 
tisdi,  zu  leben  vermag,  sowie  u.  a.  von  abgestorbenem  Kartoffelkraut. 

Auf  Grund  seiner  Untersudiungen  iiber  die  Lebensweise  des  Fusarium 
culmorum  forderte  Weise  das  EinreiBen  der  Spargeldamme  nach  der 
Ernte.  Die  Befallszahlen  konnten  dadurdi  auf  ein  Viertel  herabgedriickt 
werden.  Er  bezeidinete  den  Damm  als  eine  unnatiirliche  feuchtwarme  Sand- 
padcung,  die  nur  solange  einen  Sinn  hat,  als  Spargelstangen  erzielt  werden 
sollen.  Sofort  nadi  Absdilufi  der  Ernte  (in  Weinbohla  Mitte  Juni)  miissen 
die  Damme  eingeebnet  werden,  damit  die  Assimilationstriebe  einen  mog- 
lidist  trodcenen,  fiir  Fusariumbefall  ungtinstigen  Boden  vorfinden.  Die 
iiber  dem  Wurzelstodt  verbleibende  Bodensdiidit  soU  —  nadi  Weise  — 
hodistens  10  cm  stark  sein;  da  die  obersten  10  cm  auf  Sandboden  audi 
nadi  Regen  sehr  rasdi  wieder  trodden  sind. 

Eine  Reihe  weiterer  MaBnahmen  bezwedct  die  Aussdialtung  von  Infek- 
tionsquellen  und  fallt  mit  MaBnahmen  zusammen,  die  laut  polizeilidier 
Anordnung  zur  Bekampfung  des  Spargelrostes  (Pucclnia  asparagi 
DC)  und  der  Spargelfliege  (Platyparaea  poeciloptera  Schr.) 
durdizufiihren  sind:  Triebe  von  fusariumkranken  Pfianzen  sind  moglidist 
didit  iiber  dem  Wurzelstodt  herauszunehmen  und  zu  verbrennen.  Des- 
gleidien  diirfen  Spargelriidtstande  jeder  Art  (Kraut,  Brudi,  Abfalle  vom 
Sdialen)  nidit  kompostiert  werden,  da  fur  eine  ausreidiende  Erwarmung 
und  damit  Abtotung  der  Sporen  im  Komposthaufen  nidit  garantiert  wer- 
den kann.  Es  ist  sehr  bedauerlidi,  daB  Spargelkraut  verbrannt  werden 
muB,  da  die  Spargelboden  eine  Humuszufuhr  dringend  no  tig  hatten;  das 
Verbrennen  ist  aber,  wenigstens  soweit  es  sidi  um  kranke  oder  verdadi- 
tige  Pfianzen  handelt,  nidit  zu  umgehen.  Die  Stoppeln  sollen  nidit  bis  zum 
Friihjahr  stehen  bleiben,  sondern,  sobald  sie  sidi  einigermaBen  vom  Wur- 
zelstodc  losen,  herausgezogen  und  verbrannt  werden. 

DaB  daneben  jede  MaBnahme,  die  die  Kultur  in  gutem  Zustande  erhalt, 
zugleidi  der  Eindammung  der  FuBkrankheit  dient,  ist  wohl  selbstverstand- 
lidtL  Dazu  gehort  eine  ausreidiende  Diingung,  die  am  besten,  weil  am 
wirkimgsvollsten,  unmittelbar  nadi  Beendigung  des  Stediens  beim  Ein- 
ebnen  der  Damme  in  einer  Menge  von  etwa  3  bis  4  dz  Ammoniumsulfat, 
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Ammomumsulfat  kann  um  diese  Zeit  durdi  eine  entsprediende  Menge 
Jaudie  ersetzt  werden;  vor  oder  wahrend  der  Stedizeit  darf  aber  keinesfalls 
Jaudie  gegeben  werden.  Erganzend  sind  hierzu  im  Herbst  oder  Winter 
etwa  4  dz  40prozentiges  Kalisalz  und  5  dz  Thomasmehl  bzw.  eine  ent- 
sprediende Menge  Superphosphat  je  ha  zu  verabreidien.  Die  Verab- 
reidiung  von  etwa  300  dz  gut  verrottetem  Stallmist  je  ha  in  drei  bis  vier- 
j&hrigem  Turnus  ist  zur  Forderung  der  Bodengare  von  groBer  Widitigkeit. 
Man  gibt  ihn  am  besten  vor  dem  Einebnen  der  Damme  und  deckt  ihn  mit 
der  Dammerde  zu.  An  Stelle  der  Stalldiingergabe  kann  audi  gut  zubereite- 
ter  Kompost  treten,  der  aber  nur  oberfladilidi  einzubringen  ist.  Zur  Einsaat 
als  Grundiingung  nadi  dem  Stedien  eignet  sidi  am  besten  Serradeila,  well 
sie  im  Gegensatz  zu  anderen  Griindiingungspflanzen  sehr  leidit  ver- 
rottet  und  im  kommenden  Jahr  beim  Aufsetzen  der  Damme  und  beim 
Ernten  nidit  hindert.  Die  Kalkung  ist  so  zu  bemessen,  daB  immer  eine  neu- 
trale  bis  sdiwadi  alkalisdie  Bodenreaktion  erhalten  bleibt. 

Jungpflanzen  und  Neuanlagen  bis  zum  stedifahigen  Alter  bleiben  im  all- 
gemeinen  von  Fusarium  versdiont  oder  werden  nur  sdiwadi  befallen,  well 
die  Triebe  weder  beim  Durdiwadisen  der  Damme,  nodi  durdi  Erntearbei- 
ten  verletzt  werden.  Das  nur  stellenweise  starkere  Auftreten  der  FuB- 
krankheit  in  Anlagen  des  Bezirkes  Dresden  auBerhalb  Weinbohlas  spridit 
dafiir,  daB  das  Fusarium  durdi  Jungpflanzen  mit  anhaftender  Erde  ver- 
sdileppt  werden  kann.  Deshalb  sollten  nadi  Moglidikeit  Jungpflanzen  nur 
aus  Betrieben  bezogen  werden,  in  denen  Fusarium  als  wirtsdiaftlidier 
Sdiadiger  nidit  aufritt. 

Die  Erfahrungen  im  Weinbohlaer  Gebiet  zeigen,  daB  Spargel  als  nidit 
selbstvertraglidi  anzusehen  ist,  ja,  daB  in  stark  verseuditen  Anbaugebie- 
ten  audi  die  Neuanlagen  auf  Neuland  oder  auf  Sdilagen,  die  seit  20  Jahren 
keinen  Spargel  mehr  trugen,  gefahrdet  sind.  Es  bleibt  demnadi  in  cdten 
Spargelanbaugebieten  nur  die  Moglidikeit,  auf  andere  Kulturen  iiberzu- 
gehen.  Als  geeignet  haben  sidi  erwiesen:  Sauerkirsdien,  Erdbeeren, 
Tomaten,  insbesondere  audi  Busditomaten,  well  diese  im  Sandboden  der 
Versdimutzungsgefahr  nidit  so  ausgesetzt  sind.  Audi  die  Erdmandel,  ein 
wertvoUer  Ollieferant  und  Rohsoff  fiir  die  SiiBwarenindustrie,  diirfte  fiir 
die  Ablosung  des  Spargels  geeignet  sein,  sobald  es  gelingt,  die  Ernte  wirt- 
sdiaftlidi  zu  gestalten. 

Fiir  die  in  der  Deutsdien  Demokratisdien  Republik  vorgesehene  Aus- 
weitung  des  Spargelanbaues  fallen  nadi  dem  oben  Gesagten  die  bisherigen 
Anbaugebiete  des  Bezirkes  Dresden  aus.  Die  Sdiwierigkeiten,  die  der 
Sdiaffung  neuer  Sdiwerpunkte  des  Spargelanbaues  entgegenstehen,  diirfen 
nidit  untersdiatzt  werden.  Es  wird  notwendig  sein,  tiiditige  Fadileute  aus 
den  alten  Anbaugebieten  dafiir  zu  interessieren,  als  Pioniere  und  Lehr- 
meister  ihre  in  Generationen  erworbenen  Erfeihrungen  in  die  neuen  Ge- 
biete  zu  iibertragen.  Weitere  Sdiwierigkeiten  bestehen  in  der  reditzeitigen 
und  ausreidienden  Besdiaffung  besten  Saat-  und  Pflanzgutes  von  wirklidi 
braudibaren  Herkiinften  und  gesunden  Anzuditstellen  sowie  sdilieBlidi 
in  der  Bereitstellung  geniigender  Mengen  organisdien  Diingers   fiir  die 
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zuletzt  des  Arbeitskraftebedarfs,  vor  allem  vor  und  wahrend  der  Ernte, 
ware  zu  klaren. 

ZuBammen£a88ung 

1.  AnlaB  zu  den  Untersudiungen  gab  der  Riidcgang  der  Spargelertrage  und 
der  Spargelanbaufladien  im  Weinbohlaer  Anbaugebiet  (Bez.  Dresden). 

2.  Eine  Diingung  mit  den  Spurenelementen  B,  Mn,  Cu,  Zn,  Mo,  V,  Cr,  Ni, 
Co,  W  und  Ti  (sowohl  einzeln  als  audi  kombiniert)  bradite  keinen  Erfolg. 

3.  Der  Ertragsrlidcgang  ist  aaf  Fusarium  culmorum  (W.  G.  Sm.) 
Sacc,  den  Erreger  der  SpargelhiBkrankheit  zuriidczufuhren,  die  bereits 
1937/38  von  Weise  (11)  im  Weinbohlaer  Anbaugebiet  festgestellt  und  ein 
gehend  untersudit  wurde. 

4.  Die  Verseudiung  der  Boden  ist  so  weit  fortgesdiritten,  daB  die  Ablosung 
der  Spargelkulturen  des  Weinbohlaer  Gebietes  (durdi  Sauerkirsdien,  Erd- 
beeren,  Busditomaten  usw.)  angezeigt  ersdieint. 
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in  geschlossenen  Bestanden 

Aus   dem  Bodenhygiene-   und   Bodengesundheitsdienst,    Lorrach    (Baden) 

Von  Erich  H.  Reinau 
(Beitrag  zur  Botanikertagung  in  Hamburg  1953  [27.  August  1953]) 


Wenn  ich  heute  die  Aufmerksamkeit  auf  den  Stand  eines  42jahrigen  Be- 
miihens  um  Aufklarung  von  Fragen  der  natiirlidi-biologisdien  Kohlen- 
saurediingung  und  fiber  die  Kinetik  der  COs  in  der  Luft  um  Griinpflanzen 
in  geschlossenen  Bestanden  lenke  und  auf  das,  was  daraus  von  andern  und 
mir  gefolgert  wurde,  so  gesdiieht  dies  vorab  deshalb,  well  ich  erst  seit 
wenigen  Wochen  wieder  iiber  ausgedehnte  UntersuchungsprotokoUe  ver- 
fiigen  konnte,  denen  wesentliche  Beobachtungen  iiber  diesen  Komplex  aus 
den  Jahren  1941  bis  1944  in  StraBburg  zugrunde  lagen.  NaturgemaB 
sind  in  den  dazwischenliegenden  Jahren  von  mancherlei  Seite  Beitrage 
zu  diesen  Fragen  erschienen  (1),  so  daB  ich  an  Hand  einiger  Abbildungen 
einen  kursorischen  Uberblick  iiber  diese  Fragen  und  meine  Beitrage 
zu  deren  Klarung  geben  mochte.  Daran  schlieBe  ich  dann  zwei  Dia- 
gramme,  die  dartun,  wie  man  der  wahren  Kinetik  dieser  Frage  mittels 
des  URAS-Gerates  der  BASF  (2)  dadurch  beikommtp  dafi  man  jetzt  je 
Minute  zwei  vollwertige  COs-Bestimmungen  in  Luft  erhalten  kann.  Das 
nunmehr  neun  Jahre  zuriidcliegende  Material  soil  damit  nicht  voUig  un- 
bekannt  und  ungenutzt  bleiben,  obgleich  es  als  existent  bereits  im  Okto- 
ber  1950  in  der  „Experimentia"  (Vol.  VI.  p.  396)  angezeigt  ward. 

Also  zunachst  aus  der  Entwicklung  der  gesamten  Materie: 
Am  BuBtage  1911  entdedcte  ich  spontan  wieder  die  Moglichkeit  einer 
COs-Diingung  von  Pflanzen  und  dies  damals  ohne  Kenntnis  der  KreuBler- 
schen  Versuche  aus  den  90iger  Jahren  oder  denen  Demoussya  von  1905 
Oder  den  negativen  der  KoUegen  von  Kew-garden  um  1900.  Solch  eine 
Wiederentded&ung  ist  im  Wissensdiaffen  etwas  Ubliches.  Indessen  einige 
aussiditsreiche  Ergebnisse  1913  und  namentlidi  weitgehendes  Bearbeiten 
der  Vorliteratur  iiber  die  Umstande,  welche  den  C02-Gehalt  der  Luft  be- 
einflussen,  fiihrten  mich  etwa  1916  wiederum  spontan  zur  Konzeption  der 
Kohlensaureresttheorie  und  des  C02-Licht-Produkt- 
gesetzes,  welche  beide  dann  1919  verschiedentlich  veroffentlicht 
wurden.  Obgleich  nun  die  Resttheorie  damals  ganz  exakt  beschrieben 
wurde,  gibt  es  auch  heute  nodi  manche  Kollegen,  die  sie  entstellt  wieder 
geben  und  dann  unter  irrigen  Pramissen  gegen  sie  polemisieren.  Aus  Tau- 
senden  von  iiber  150  Jahre  alten  C02-Bestimmungen  vieler  Forscher  iiber 
die  gesamte  Erde  bin  sdiloB  ich,  dafi  der  meist  in  bodennaher  Luft  ermit- 
telte  C02-Gehalt  derjenige  Rest  ist,  den  unter  m  i  1 1 1  e  r  e  n  Umwelt- 
bedingungen  —  davon  namentlich  Lichtstarke,  Temperatur,  Feuchte-  und 
Bewegungsverhaltnisse  der  Luft  —  das  allgegenwartige  Pflanzengriin  nicht 
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druck  an  CO«  —  durch  die  Atmung  bedingt  —  herrsdie.  Mit  der  Zeit 
warden  nodi  wesentlidie  Nebenumstande  untersucht  und  geklart,  audi 
veroffentlidit,  bis  sdilieBlidi  1930  in  der  Publikation  „Wieweit  konnen 
griine  Pflanzen  die  atmospharisdie  und  die  bodenbtirtige  CO«  ausniitzen?" 
p.  Gartenbauwissensdiaft  3  [1930]  p.  101)  der  erreidite  Sdiwellenwert 
bei  Sonnenliditstarke  mit  &— 12/100  000  Vol.  Teilen  CO«  mitgeteilt  und 
seither  mehrfadi  bestatigt  wurde.  Bei  den  ersten  COs-Diingungsversudien 
in  Gewadishausem  fielen  die  starke  Aviditat  der  Griinpflanzen  gegen  ein 
Mehr  an  CO*  auf  sowie  die  im  Sdirifttum  niedergelegte  Angabe,  daB 
weitaus  die  maditigste  Quelle  von  COs  die  bakterielle  Zersetzung  orga- 
nisdien  Materials  in  den  Boden  seL  (Heute  kommt  die  Industrielle  Kohle- 
verbrennung  mindestens  in  den  bedeutenden  Industriestaaten  ihr  gleidi, 
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ja  iibertrifft  sie.)  Dorther  riihrte  dann  audi  die  Resttheorie:  Warum  soil 
denn  die  inzwisdien  ^bodenbiirtig"  getaufte,  biologisdi  entstandene 
Bodenkohlensiure  der  Pflanzenstandorte  erst  in  die  freie  Atmosphare 
xibergehen,  wobei  sie  das  auf  der  Erde  aUgegenwartige  Pflanzengriin  ja 
passieren  miiBte,  und  warum  sollte  dieses  sie  nidit  unmittelbar  im  Rahmen 
des  oben  skizzierten  Restes  sofort  wegzehren?  Als  idi  im  Sommer  1916 
Nernat  diese  Resttheorie  mitteilte,  nahm  er  kurzerhand  seinen  Bleistift 
und  zeidmete  mir  eine  geknidcte  Kurve  iiber  den  Verlauf  des  C02-Gehal- 
tes  in  Abstanden  vom  Boden  in  Pflanzenbestanden  bin,  die  man  in  Bild  (1) 
sieht.  Wenn  namlidi  aus  dem  Boden  stetig  COs  entsteht,  und  das  Blatt- 
grun  —  bei  Lidit  —  arbeitet,  und  wenn  weiterhin  iiber  dem  Griinbestande 
die  freie  Luft  mit  ihrem  normalen  COx-Gehalt  sidi  befindet,  dann  muB 
dort,  wo  das  Griin  die  Grenze  gegen  sie  einerseits  und  gegen  die  boden- 
nahe  Luft  andererseits  ist,  sidi  ein  Minimum  an  CO2  ausbilden,  wenn  die 
Theorie  stimmt.  .Stellen  Sie  dieses  Minimum  festl",  mit  dieser  kategori- 
sdien  Wendung  entlieB  midi  mein  ehemaliger  Lehrerl  Man  gewahrt  auf 
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Abb.  2 

dem  Bilde  (1)  nodi  zwei  weitere  Kurven:  Die  ausgezogene  gibt  gewisser- 
maBen  die  Ansidit  wieder,  daB  alle  Wudis-COt  aus  der  freien  Atmosphare 
stamme,  also  in  Bodennahe  der  geringste  Wert  sidi  finden  miiBte.  Und 
die  gestridielte  Kurve  versinnlidit  die  damalige  Ansidit  hoxnemanns, 
daB  iiberhaupt  nur  die  bodenbiirtige  CO2  wudiswiditig  ware.  Nadi  dieser 
Ansidit  miifite  vom  Boden  her  aufsteigend  der  C02-Gehalt  standig  ab- 
nehmen.  In  jahrelangen  Ermittlungen  babe  idi  dann  die  Produktionsfahig- 
keit  natiirlidi  gelagerter  oder  landwirtsdiaftlidi  zubereiteter  Boden  an 
COj  —  die  Bodenatmung  —  erforsdit.   Allerdings  modite  idi  nun  vor- 
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bezeidinen,  die  von  einem  Quadratmeter  Boden  in  situ  innerhalb  einer 
Stunde  an  Freiluft  abgegeben  wird.  Von  Ort  und  Stelle  entnommene,  im 
Laboratorium  manipuUerte  und  dann  einer  Messung  unterworfene  Erd- 
proben  und  daraus  extrapolierte  Werte  geben  falsche  Vorstellungen  von 
Bodenatmung.  Die  Kurven  in  Bild  2  zeigen  Bodenatmungswerte  im  Mittel 
versdiiedener  Parzellen  eines  groBen  Gutes:  im  Sommer  Werte  bis  zu 
1000  mmg/qm/h  und  im  Winter  abfallend  bis  zu  wenigen  mmg/qm/h.  Der 
Sattel  mitten  im  Sommer  kommt  von  der  bei  uns  im  Sommer  eintretenden 
Austrocknung  der  Boden,  wodurdi  bekanntlich  das  biologisdie  Leben  der- 
selben  zuriickgeht.  Das  Pendant  zu  dieser  Jahreskurve  der  Bodenatmung 
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in  der  Tageskurve,  wie  sie  von  DonhoH  in  Halle  ermittelt  wurde,  ergibt 
Bild  3. 

Audi  hier  findet  sidi  so  um  5  Uhr  im  Sommer  bei  niedrigster  Boden- 
temperatur  ein  Minimum  und  bald  nadi  Mittag  dann  ein  Maximum,  und 
sie  verhalten  sidi  beide  wie  1:3.  Es  wird  also  bodenbiirtige  CO2  im 
allgemeinen  nidit  nur  entsprediend  der  Aviditat  und  Leistungsfahigkeit 
des  Chlorophylls  hinsiditlidi  Lidit  und  Warme,  sondern  audi  der  Luft- 
massenbewegung  angeliefert.   Dies   wirkt  sidi   dann  z.  B.    gemafi   Bild  4 
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CUs  in  die  er<macnsten  3  bis  5  m  Luttsdiicnten  derart  aus,  daD  z.  b.  nacn 
vier  Stunden  Dammerung  im  dritten  Metei  nur  Vie  mehr,  also  *Vioqooo  CO2 
gegeniiber  urspninglidi  30  waren  und  nach  sieben  Stunden  nadi  Damme- 
rung, sdso  wenn  es  bereits  wieder  Morgen  zu  werden  beginnt,  im  vierten 
Meter  nodi  gar  keine  Zunahme  festzustellen  ware,  wahrend  im  dritten 
Meter  Vie  oder  Vioo  000  mehr  COt  waren.  Gegeniiber  solchen  Uberlegungen, 
dafi  in  der  freien  Luft  die  Diffusion  des  Nahrgases  CO2  beachtlidi  sei,  findet 
man  haufig  angefiihrt:  den  Wind,  die  Luftmassenbewegungen,  die  Kon- 
vektion.  Nun  ist  es  aber,  wo  Pflanzen  gescMossen  wachsen,  damit  nidit  so 
weit  her,  und  liberdies  wird  oft  iibersehen,  daB  nach  Hellmann  und 
anderen  da  eine  vertikale  und  eine  horizontale  Komponente  zu  unter- 
sdieiden  ist.  Jene  betragt  ohnehin  nur  1  bis  2  Prozent  der  horizontalen, 
so  dafi  bei  einem  Winde  von  5  m/sec  die  Luftmasse  sich  hodistens  5  bis 

10  cm/sec  auf oder  was  nidit  unwichtig  ist  —  auch  abwarts  bewegt. 

Hinzu  kommt,  dafi  audi  horizontaler  Wind  gegen  nadcten  Boden  oder  kurz 
gesdiorenen  Rasen  zu  tangential  bis  auf  Null  abnimmt.  Man  versudie 
einmal  bei  ziemlidiem  Sturm  in  einem  Roggen-  oder  nodi  besser  in  einem 
Luzernensdilag  ein  Feuerzeug  zu  entziinden  und  man  wird  bemerken,  dafi 
es  sdion  eines  ziemlidien  Orkanes  bedarf,  um  es  zu  erlosdien. 

Die  folgenden  Aufnahmen  iiber  die  C02-Gehalte  um  wadisende  Pflanzen 
in  Bestanden,  beruhen  alle  auf  Luftproben,  die  jeweils  in  den  kritisdien 
Luftsdiiditen  um  diese  Pflanzen  syndiron  entnommen  wurden:  also  aus 
bodennaher  Sdiidit  durdisdmittlidi  5  cm  iiber  der  Erde.  Dann  von  der 
Griingrenze,  d.  h.  einige  Zentimeter  innerhalb  des  oberen  durdisdinitt- 
lidien  Endes  des  Bewudises.  Und  sdiliefilidi  Freiluft:  etwa  ums  doppelte 
weiter  vom  Boden  entfernt,  als  die  Entnahmestelle  der  Griingrenze.  Stelle 
man  sidi  einmal  vor,  man  zoge  zur  Kontrolle  der  Nernsfsdien  Kurve  Luft 
aus  100  m  Hohe  iiber  dem  Bestande  heran!  Wahrend  es  also  im  Bestande 
vielleidit  gar  nidit  windet,  herrsdie  dort  oben  5  m/sec,  so  dafi  also  die 
durdisdmittlidie  Vertikalkomponente  auf  der  100  m  langen  Stredce  mit 
2  cm/sec  angenommen  werden  kann.  Dann  benotigte  bodennahe  Luft 
50X100  Sekunden,  um  in  100  m  Hohe  anzukommen.  Die  dort  aber  urspriing- 
lidi  gewesene  Luft  ist  indessen  inzwisdien  5000  X  5  Meter  weiter  wind- 
warts  gewandert.  Wenn  man  also  syndirone  Luftproben  aus  Bodenndhe 
und  aus  100  m  dariiber  entnimmt,  so  stammt  die  obere  nidit  aus  Luft  iiber 
dem  Pflanzenbestande,  sondern  aus  einer  um  etwa  25  km  abgelegenen 
Ortlidikeit.  Die  nadi  m  e  i  n  e  r  Methode  durdigefiihrten  Aufnahmen 
zeigen  die  hodisten  C02-Werte  immer  in  der  bodennahen  Luft.  Die  nied- 
rigsten  Werte  in  der  Luft  der  Griingrenze.  Und  dazwisdien  die  Werte  der 
Freiluft.  Also  alles  wie  Nernst  es  befahl  und  wie  es  fiir  die  Bedeutung  der 
bodenbiirtigen  CO2  spridit.  Nur  in  der  Dammerungszeit  durdisdineidet 
die  Linie  der  Griingrenze  die  aus  bodennaher  Luft  —  geht  also  boden- 
biirtige  CO2  unassimiliert  am  Griin  vorbei  in  die  Atmospharel  Zahlreidie 
derartige  Aufnahmen  madite  idi  in  den  zwanziger  Jahren  mit  ahn- 
lidiem  Resultate  an  alien  moglidien  Stellen  des  Kontinents  in  Meeres- 
nahe  und  im  Hodigebirge.  Und  idi  will  nur  auf  die  Freiluftverhaltnisse 
einer  Davoser  Liegehalle  und  der  Abhangigkeit  der  dortigen  Luft  bzw. 
deren  CO2  -  Gehalt  vom  Lidite  eingehen:  Je  heller  es  wird  und  an  einem 
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natiirlidi  durdi  die  Assimilation  des  dort  audi  ziemlidi  allgegenwartigen 
Griins  der  Garten,  Matten  iind  Walder  —  audi  der  CO«-Gehalt  der  freien 
Luft,  z.  B.  am  klaren  Tage  bis  auf  24,  und  erleiditert  so  den  Phthisikem 
(Sdiwindsiiditigen)  das  Ausspiilen  ihrer  Blutkohlensaure  durdi  das  Atmen 
—  wie  Kollege  Levy  diese  Befunde  deutete. 

Dodi  nun  zu  neueren  Untersudiungen  anfangs  der  vierziger  Jahre  in 
Strafiburg.  Bild  5  demonstriert  den  Untersdiied  zwisdien  heller  Sommer- 
wudiszeit  und  Winterruhe.  Also  links  im  Juli  bei  einem  Kartoffelsdilag 
zutiefst  die  Griingrenzenwerte,  dann  in  der  Mitte  die  der  Freiluft  und  die 
hodisten  in  der  bodennahen  Luft.  Und  alle  Werte  immerhin  ziemlidi 
oahe  bei  der  mittleren  Grundlinie  von  ^^/looooo.  Redits  aber  Mitte  Novem- 
ber iiber  Rasen  und  bei  einer  Bodentemperatur  um  4  bis  5°  C  und  einer 
Lufttemperatur  von  1,5  bis  3°  C,  da  ist  die  Sadie  gerade  umgekehrt.  Der 
kaum  atmende  Boden  liefert  so  wenig  COs,  dafi  sidi  in  Bodennahe  zwar 
uber  30  liegende  Werte  finden,  die  aber  in  die  kaum  arbeitende  Griin- 
grenze  eindringen  und  in  die  Freiluft  eingehen.  Darunter  ist  eine  Kurve 
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iiber  die  gleichzeitigen  Gehalte  der  Stadtluft  mit  "~'VifOB»  also  iiber  der 
Norm  als  Folge  von  Winterheizung,  Automobilismus  und  gesdiw^chter 
Assimilation. 

Und  nun  zu  einem  vorerst  our  einmaligen  Versuch  eines  Fundamen- 
talexpeiiments  (Bild6)  im  Versudisgaiten  der  Forsdiungsstelle 
fiir  Bodenhygiene  in  Strafiburg  1943:  Hier  liegen  didit  nebeneinander  drei 
Parzellen  von  je  viermal  vier  Meter  Flacbe.  Ganz  links  war  die  Naturerde 
auf  35  cm  Tiefe  voUig  abgelragen  und  durdi  eine  Sdiicfat  von  35  cm  rein- 
stem  Rheinsand  ersetzt.  Die  mittlere  Parzelle  hatte  den  natiirlidien  Boden, 
bekam  aber  keinen  Mist,  der  lediglidi  der  dritten  ganz  redits  liegenden 
Parzelle  in  iiblidier  Hohe  beigegeben  ward,  wie  es  fiir  KartoffBln  der 
Braudi,  die  hier  gezogen  wurden,  Nadi  Moglidikeit  war  Aziditat  und 
KPN-Ca-Diingung  ausgeglidien  worden.  Auf  der  Sandparzelle  sollten  also 
die  Kartoffeln  moglidist  ohne  bodenbtirtige  COi  heranwadisen,  uud  wii 
wollten  untersudien,  wie  da  die  Luftbesdiaffenheit  sidi  gegeniiber  den  ande' 
ren  Parzellen,  namentUdi  der  mit  Mist,  verhalte.  Spater  entwickelten  sidi 
audi  die  Sandkartoffein  besser  als  auf  Bild  6,  was  man  aus  den  Einzelstau- 
denaufnahmen  in  Bild  7  ersieht.  Idi  habe  vom  Wudistyp  der  Sandkartof- 
fein —  redits  —  den  Eindrudc,  daB  diese  ohne  bodenbiirtige  COi  heran- 
wadisenden  Pflanzen  ihre  Blatterarme  nadi  luftbiirtiger  CO*  hilfe- 
sudiend  ausstredcen,  wahrend  links  die  in  Mist  und  mit  bodenbiirtigei 
COi  hinreidiend  versehenen  Stauden  ihre  Blatterarme  sdiiitzend  iibei 
dieses  Nahrgas  vom  Boden  ausbreiten.  Bitte,  das  ist  nidit  ganz  so  solano- 
morph,  wie  es  klingt,  zu  verstehen,  denn  das  Ein-  und  Abwartswolben  von 
stark  mit  COi  gefutterten  Tomatenblatlern  ist  literaturbekanntl  Und  nun 
in  den  vier  Tabellen  I  bis  4,  der  analytisdie  Beweis  aus  der  Luftbesdiaf- 
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fenheit  an  zwei  Wuchstagen  in  der  bekannten  Aufnahmeweise  iiber 
den  Extremfallen:  also  Sand  gegen  Mist.  Die  Entnahmestell^i  der  Luft- 
piobea  Ugen  in  der  Horizontalen  etwa  acht  Meter  voneinander  ab.  Die 
jeweils  sedis  synduonen  Luftproben  wurden  in  bekannter  Weise  in  die 
Krogh-fiehberg-Remou-Microtitralionsapparatur  innerhalb  8  bis  12  Minu- 


Abb.7 

ten  eingesaugt.  Die  zwei  Tage  —  30.  Juli  und  3.  August  1953  —  untersdiei- 
den  sidi  dadurdi,  daB  der  erste  (Tab.  1  u.  2)  windig,  der  andere  (Tab.  3  u.  4) 
nihiger  war,  und  daB  an  diesem  audi  nodi  durdi  Kollege  Helleiidi,  dem 
Direktor  der  Sternwarte  StraBburg,  die  Einstrahlung  in  cal/qcm/min  ge- 
messen  ward.  Das  Hauptdiarakteristikum  beider  Aufnahmen  im  heutigen 
Zusammenhange:  Uber  der  Sandparzelle  (Tab.  2  und  4)  liegen  samtlidie 
COt-Behinde  um  *~"/iw»im»  niedriger  als  iiber  der  Mistparzelle  (Tab.  1  und 
3),  und  namentlidi  sind  auf  der  Sandparzelle  in  der  bodennahen  Luft  die 
COi-Gebalte  immer  ganz  nahe  denen  der  Grungrenze  und  der  Freiluft:  bei- 
des  als  klarer  Beleg  dafiir,  daB  es  eben  an  bodcnbiirtiger  COi  mangelt.  Am 
30.  Juli  mit  den  Strahlungsdaten  wird  audi  sehr  deutlidi,  wie  init  deren  Zu- 
nahme  die  Minimalwerte  der  COi  erreidit  werden:  Also  je  mehr  Lidit,  desto 
geringer  der  COf-Gehalt  der  Luft,  wie  es  bei  der  Davoser  Liegehallenluft 
war,  und  das  ist  ja  die  Essenz  des  CO»-Liditproduktgesetzes! 
Und  nun  der  Sdiritt  ins  Moderne  zu  unseren  Untersudiungen  der  bier 
vorliegenden  Phanomene  mittels  des  Ultrarotscbreibers,  deit 
uns  1944  die  damalige  IG-Farben  aus  der  BASF-Ludwigshafen  (Rhein)  ent- 
gegenkommender  Weise  zwei  Monale  lieh.  Aus  den  etwa  90  000  Ana- 
lysenergebnlssen  sei  nur  ein  kleiner  Dberblidc  gegeben.  Durrfi  die  Publi- 
kationen  Seybotds,  Egles  und  Hubers  ist  das  Gerat  inzwisdien  geniigend 
besdirieben  und  bekannt  geworden,  so  daB  idi  nun  endlldi  auf  das  neun 
Jahre  mir  versdilossene  Material  eingehen  kann,  nadidem  idi  zuvor  nodi 
meinen  Dank  ausgesprodien  babe  den  Kollegen  Geiger-Huber  (Basel)  und 
Maresquelle (Strasbourg],  daB  sie  es  mix  wieder  zuganglidi  maditen.  Seitdem 
idi  1916  in  der  alien  Literatur  Heine -Ron  (gens  (Ann.  d.  Physik  N.  F.  16, 
1882)   gewissermaBen  kinematographlsdie   Aufnahmen   des  CO-Gehaltes 
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einer  Methode  zu  gelangen.  Sie  benihte  sdion  damals  wie  jetzt  audi  dei 
URAS  darauf,  daB  das  COt-Molekiil  selektiv  im  UUrarot  Wanne  aufnimmt; 
nur  wie  man  deren  Effekt  sdiliefilidi  registriert,  darin  besteht  der  Unter- 
sdiied  zwischen  Rontgen  und  K,  F.  Lult-IG.  Jetzt  haben  wir  den  sdion  vor 
Jahrzehnten  von  Hans  GoJdsdimidl  geforderten  COi-Thermometer,  den 
icb  mittelst  meiner  dirono-colorlmetrisdien  odei  Stoppuhr-Tropfmethode 
glaubte.  geliefert  zu  haben.  Abei  selbst  damit  benotigt  man  mehreie 
Minuten  zu  einer  Bestimmung;  allerdings  bei  Gesdiidc  kann  man  mehrere 
gleidizeitig  ablaufen  lassen,  und  wenn  man  mehreie  Stoppuhren  besitzl, 
syndiion  an  mehreren,  versdiiedenen  Stellen,  also  z.  B.  bodennah,  in  der 
Griingrenze  und  Fieiluft  untersudien.  Das  leistet  der  URAS  nldit.  Dodi 
das  spielt,  wie  ich  zeigen  werde,  kaum  eine  RoUe.  nadidem  er  in  einer 


Abb.  a 

Minute  zwei  Resultate  liefert.  Wenn  man  namlidi  zuvor  Anstalten  trifft. 
wie  man  sie  aus  Bild  8  ersieht,  daB  man  durdi  eine  leidite  Hahnumstel- 
lung  an  den  Zuleitungen  der  Luftproben  von  den  wesentlidien  Stellen 
zum  URAS  diese  in  kiirzesten  Zeitabstanden,  von  drei  bis  fiinf  Minute, 
wediseln  kann.  Der  Versudisgarten  der  SlraBburger  Forsdiungss telle  fur 
Bodenhygiene  war  ein  alter  Park  mit  vielen  sdionen,  alten,  hohen  Baumen 
und  einzelnen  Wiesenplatzen,  die  wir  versdiiedentlidi  anpflanzten,  so  daB 
wir  im  Bereidie  des  im  Parke  liegenden  Wohnhauses  die  versdiiedensten 
land  wir  tsdiaftlidien  Bestande  hatten  und  den  URAS  auf  einer  Veranda 
gut  gesdiutzt  und  an  der  Nabelsdinur  der  notwendigen  Elektroliditleitung 
halted  konnten.  Von  ihm  aus  gingen  Glaskapiilarleitungen  mit  dazwisdieu 
gesdialteten  3-Wegeglashahnen  hin  zu  den  versdiiedensten  Sdilagen  und 
den  je  drei  Etagen  der  ut)Iidien  Luftentnahmen.  Das  Bewegen  der  Luft- 
proben  zum  URAS  hin  besorgte  die  bekannte  magnetelektrisdie  Glas- 
pumpe  hinter  dem  URAS,  die  ununterbrodien  Tag  und  Nadit  lief.  Die 
Wasser-Luftfeudite  wurde  den  Luftproben  mittels  kurz  vor  dem  URAS 
eingesdialtetem  Reinigungsaggregat  durdi  gesdimolzenes  Phosphor- 
saureanhydrit  entzogen.  Gleidizeitig  mit  dem  Ablauf  der  Analysen 
wurden  auf  Millimeterpapier  genau  entsprediend  den  Dimensionen  des 
URAS-Registrierstreifens  die  Aufzeidinungen  uber  die  meteorologisdien 
und  sonstigen  Untersuditingsverhaltnisse  notiert,  so  daQ  spater  durdi 
einfadies  Zusammenkleben  der  beiden  Streifen,  sofort  neben  jedem  der 
taglidi  2880  CO»-Befunde  alle  notwendigen  Nebendaten  zu  finden  sind. 
Man   sieht   also   demgemS13   auf   den  beiden   Diagrammen   jeweils  links 
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Streifen  von  unten  nach  oben  zu  ab.  Die  Gehalte  an  COie  steigen  von  links 
her  nadi  rechts  zu  von  Null  mit  jedem  lang  durchlaufenden  Striche  um 
rund  10  bis  100  Viooooo  CO2  ganz  redits  an.  An  der  Grenze  zweier  Tage, 
also  um  Mitternacht,  findet  sidi  jeweils  ein  Querstridi  und  ein  Doppel- 
pfeil  mit  dem  Datum  des  vergangenen  und  des  kommenden  Tages.  Es 
handelt  sidi,  wie  schon  erwahnt,  um  Untersuchungen  im  August  und  Sep- 
tember 1944,  also  in  fiir  Strafiburg  schon  ziemlich  kritischer  Zeit,  mit  stan- 
digen  Luftalarmen  und  der  Unruhe  in  Bevolkerung  und  Truppe  infolge 
der  Normandielandung.  Es  spricht  fiir  den  wissenschaftlichen  Geist  meiner 
elsassischen  Mitarbeiter,  daB  sich  die  gesamte  ORAS-Untersudiung  nodi 
ganz  erfolgreich  tags  und  nachts  absplelte. 

Aus  den  30  Untersuchungstagen  greife  ich  also  nun  gemaB  dem  gestellten 
Thema  zwei  heraus  und  beschranke  midi  darauf,  aus  den  rund  6000  Einzel- 
werten  nur  die  groBen  Linien  darzulegen.      Wir  haben  da  zunachst 

a)  Freiluft  iiber  Wiese, 

b)  bodennahe  Luftschidit  in  Kartoffeln  und 

c)  Luft  aus  der  Griingrenze  bei  Kartoffeln. 

Zu  a).  Der  Streifen  iiber  den  Tagesverlauf  des  COf-Gehaltes  in  der 
freien  Luft  iiber  Wiese  enthalt  auch  einige  KontroUbestimmungen 
nach  der  liehberg--Reinau-Micromethode.  Es  zeigt  sich  deutlich  nachts  der 
Anstieg  bis  zu  einem  Maximum  um  7  Uhr  friih  von  45  und  dann  die  Ab- 
nahme  mit  zunehmender  Helle  bis  mittags  auf  28  bis  31,  welches  Mini- 
mum sich  bis  18  Uhr  halt. 

Zu  b  und  c.  Hier  findet  sidi  in  der  bodennahen  Luft  um  Kartoffeln 
ein  langdauerndes  Maximum  nachts  von  3  bis  7.30  friih  von  etwa  70, 
tags  geht  das  Minimum  erst  um  17  bis  18  Uhr,  aber  nicht  unter  39  bis 
40  herab.  Deutlich  sind  die  gelegentlich  eingeschalteten  Teste  iiber  die 
Beschaffenheit  der  gleichzeitigen  Griingrenzenluft  oder  der  Freiluft  um 
13.30  mit  etwa  24. 

Fasse  ich  also  diesen  kinematographischen  Einblick  in  die  Kinetik  der 
bodenbiirtigen  CO2,  derjenigen  in  der  Atmosphare  und  in  der  Luft  in  und 
um  Bestande  und  atmenden  oder  assimilierenden  Pflanzen  zusammen,  so 
ergibt  sich: 

1.  Ich  sehe  keine  Griinde,  von  den  wesentlichen  Inhalten  meiner  nun  fast 
30  Jahre  alten  zusammenfassenden  Hypothesen  und  Theorien,  Resttheorie 
und  C02-Lichtproduktgesetz,  abzugehen. 

2.  Die  bodenbiirtige  CO«  ist  aktiv  und  wesentlich  beim  Zu  stand  ekommen 
maximaler  Ertrage  von  geschlossenen  Pflanzenbestanden,  sei  es  in  Wald, 
Feld  Oder  Garten. 

3.  Unter  mittleren  klimatischen  Bedingungen  ist  die  Flachenleistung  der 
Bodenatmung  von  gleicher  GroBenordnung  wie  die  Assimilation  des 
Griins  geschlossener  Bestande. 


*)  Staktlidie  Original-Dlagramme  des  URAS-Gerates.  wovon  urspriinglicfa  9  dem  Vortraqe  am  27.  8.  1953 
xTigmnde  Ugen,  kdnnen  beim  Autor  in  Ldrracfa.  Baslerstr.  126,  eingesehen  werden. 
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a)  COfGehalte  in  Freh- 
luft  iiber  einer  Wiese, 
deren  Bewudis  ca.  25  cm 
hodi  wax.  so  dafi  die 
Luf  tprobe  hier  aus  50  cm 
vom  Boden  aus  gerecfa- 
net  stammt. 

Linke  Halfte  die  elek- 
tro-automatisdien  Auf- 
zeidinungen  des  URAS- 
Gerates.  Gegen  die 
Mitte  zu  ab  7  Uhr  30 
Minuten  einige  Ergeb- 
nisse  von  Kontrollbe- 
stimmungen  der  CO2 
mittels  der  Krogh-Reh- 
berg  -  Reinau  -  Mikrome- 
thode  von  syncfaron 
demselben  Luftstrome 
aber  wahrend  ca.  25 — 30 
Minuten  entnommen  und 
daher  Durdischnitts- 
werte  aus  der  Lange 
der  jeweiligen  Pfeilchen 
entnehmbaren  Zeitpe- 
riode  entspredienden 
Luftproben. 

Redite  Haifte  bringt 
syndirone  Aufzeichnun- 
gen  ilber  meteorolo- 
gi&die  Beobachtungen, 
und  der  ganz  r  edits 
durdilaufende  Pfeil  zeigt 
an,  dafi  fortwahrend  die 
Luftprobe  aus  der  Frei- 
luftsdiicht  stammte. 


b)  imd  c) 

C02'Gehalte  hauptsadi- 
lidi  in  bodennaher  Luft 
in  einem  Kaitoflel- 
sdtilage  aus  ca.  5 — 7  cm 
Luftsdiicfat  vom  Boden 
aus  geredinet.  Gele- 
gentlich  audi  in  der  Zeit 
von  5  Uhr  55  Miniuten 
in  der  Luftsdiidit  der 
Grungrenze  also  65  cm 
vom  Boden  aus  gerecfa- 
net  und  aus  der  Frei- 
luftsdiidit  130  cm  uber 
dem    Boden    geredinet. 

Linke  Halfte  die  elek- 
troautomatisdien  Auf- 
zeidinungen  des  URAS- 
Gerites.  Linke  Halfte 
enthalt  die  syndironen 
Notizen  der  meteorolo- 
gisdien  Beobaditungen. 
Und  ganz  redits  die 
durdilaufeniden  oder 
kurzen  Pfeile  deuten  Je- 
wells an,  ob  die  Luft- 
probe  aus  der  boden- 
nahen  „B",  aus  der  Luft 
der  Oriingrenze  ..G" 
Oder  aus  der  Freiluft 
•F"  stammte. 
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4.  Innerhalb  der  Zelt  vom  6.  August  1944  bis  27.  September  1944  hat  sicb 
bei  den  Untersudiungen  von  Luft  aus  der  Nahe  von  Griinpflanzenbestan- 
den  auf  deren  C02-Gehalt  —  etwa  90  000  Einzelbefunde  —  kein  Anhalts- 
punkt  finden  lassen,  dafi  eine,  sei  es  durdi  das  Griin,  sei  es  sonstwie  ver- 
anlafite  anormale  (3)  Modifikation  von  CO2  vorhanden  gewesen  ware. 

In  Dankbarkeit  gedenke  idi  der  opfervollen  Mitarbeit  der  Herren  Ernest 
Ohz,  Ing.  diem.  I.  C.  S.  Praparator  Charles  Schmitt,  Apotheker  Dr.  Ad. 
Johaentges  f . 
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—  Experimentia  /V,  396,  1950. 

—  Transac.  o.  t.  Intern.  Cong.  o.  Soil  Sc.  Vol.  II,  121,  Amsterdam  1950. 

(2)  URAS  betr.: 
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—  Naturw.  38,  350,  1951. 
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Aus  dem  Institut  fiir  Gartenbau  der  Karl-Marx-Universitat  Leipzig, 

Abteilung  Gemiisebau 

Von  R.  Bielka  und  H.  J.  Hildebrandt 


Die  Abdeckung  des  Bodens  mit  anorganisdien  und  organisdien  Materialien 
iibt  auf  den  Boden  einen  glinstigen  Einflufi  aus  und  hat  zum  Teil  eine  er- 
heblidi  ertragssteigernde  Wirkung  zur  Folge.  Im  Sdirifttum  sind  zahlreidie 
Beridite  und  Hinwelse  dieser  Art  zu  finden  (6,  9,  7,  8).  Um  so  erstaunlicher 
ist  es,  daB  es  zu  einer  praktisdien  Anwendung  der  Bodenbededcung  in 
grofierem  Umfange  bis  heute  nidit  gekommen  ist.  Lediglidi  im  Obstbau 
sind  durch  das  sogenannte  Mulch verfahren  einige  giinstige  Wirkungen  der 
Bodenbededcung  genutzt  worden. 

Wahrend  das  Muldien  als  Variante  der  Bodenbededcung  vor  allem  im  Aus- 
land  geubt  wird,  ist  man  aus  betriebswirtsdiaftlidien  Erwagungen  an 
anderer  Stelle  bemiiht,  in  Baumsdiulen  und  Obstanlagen  die  Abdedcung 
des  Bodens  mit  organisdien  Abfallstoffen  auf  ihre  Anwendbarkeit  zu 
priifen. 

hn  Gemiisebau  sind  von  Reinhold  (2.  3,  4)  Bodenbedeckungsversudie  mit 
kiinstlidien  Materialien  durdigefiihrt  worden.  Da  in  letzter  Zeit  immer 
wieder  auf  die  biologisdi  giinstige  Wirkung  der  Bodenbededcung  hin- 
gewiesen  wird  (1,  5),  haben  wir  bei  einigen  Gemiisearten  entsprediende 
Feldversudie  durdigefiihrt,  bei  denen  zur  Abdedcung  orgemisdies  Material 
verwendet  wurde. 

Gemiise  reagiert  im  allgemeinen  auf  eine  Veranderung  der  Umwelt verbal t- 
nisse.  sei  es  der  Dungung,  Wasserversorgung  oder  Stand weite,  Tempe- 
ratur  oder  anderer  Wadistumsfaktoren,  verhaltnismafiig  stark.  Audi  die 
Bededcung  des  Bodens,  die  nidit  nur  einen,  sondern  eine  Vielzahl  an 
Wadistumsfaktoren  beeinflufit,  hat  auf  Erntehohe  und  Qualitat  starke 
Auswirkungen. 

Die  folgenden  Versudisergebnisse  bringen  diesen  ertragssteigernden  Ein- 
flufi der  Bodenbededcung  deutlidi  zum  Ausdrudc. 


Bodenbedeckungsversuche  1953 

Die  Bededcungsversudie  wurden  als  Feldversudie  auf  dem  Versudisfeld 
Probstheida  der  Abteilung  Gemiisebau  des  Institutes  fiir  Gartenbau, 
Leipzig,  durdigefiihrt. 

iDer  Boden  des  Versudisfeldes  besteht  aus  humusarmem  sandigen 
Lehm.  Das  Versudisfeld  hat  eine  ebene,  offene  Lage.  Die  Bodenbesdiaffen- 
beit  weist  eine  geniigende  GleidimaBigkeit  auf. 


Monat 

l.—lO. 

Reg€n- 
tage 

1 1  .—20. 

Regen- 
tage 

21.— 30. 
(31.) 

Regen- 
tage 

April 

7,6 

8 

14,6 

3 

2,2 

3 

=   24,4  mm 

Mai 

13,2 

4 

22,5 

5 

25.2 

6 

=    60,9  mm 

Juni 

25,0 

5 

94,5 

5 

25,5 

4 

—  145,0  mm 

Juli 

16,5 

2 

21,5 

6 

7,5 

4 

=   45,5  mm 

August 

13,5 

1 

0,0 

— 

19,0 

3 

=»   32,5  mn. 

September 

6,5 

1 

32,5 

6 

2,0 

1 

=   41,0  mm 

Oktober 

9.0 

2 

0,0 

19,0 

4 

=   28,0  mm 

—  377,3  mm 

Versnidisdurchfuhrung 

Die  Versudie  wurden  mit  Tomaten  (Heinemanns  Jubilaum),  Gurken  (Da- 
likateB),  Sellerie  (Wiener  Markt)  und  Kohlrabi  (DelikateB  Blauer)  durdi- 
gefiihrt. 

Bei  der  Priifnummer  I  wurden  Bodenvorbereitung  und  Pflege  wie  ublidi 
gehandhabt.  Bei  Priifnummer  II  wurde,  um  bestjmmte  Vergleiche  mit  den 
bedeckten  Parzellen  anstellen  zu  konnen,  das  Hacken  unterlassen.  Bei  den 
mit  Bodenbedeckung  versehenen  Priifnummern  III — V  wurde  die  Dungung 
variiert.  Bei  Priifnummer  III  wurde,  wie  bei  I  und  II,  die  Diingung  geteilt 
und  eine  Kopfdiingung  auf  die  Bededcung  gegeben.  Priifnummer  IV  er— 
hielt  die  gesamte  Diingergabe  vor  der  Bestellung,  und  Priifnummer  V  bliel^ 
ungediingt. 

Die  Feldversudie  wurden  nach  dem  lateinisdien  Quadrat  mit  zufallig  ver — 
teilten  Teilstucken  angelegt.  Die  Auswertung  erfolgte  nach  der  Varianz — 
analyse. 

Pflanzenanzudit : 


Aussaat 


Pikiext 


Pflanzung 
bzw.  Aussaat 


Tomaten 

11.  3. 
(Fruhb€et) 

1.4. +  2.5. 

27.5. 

Gurken 

— 

21.5. 

Selleiie 

11.  3. 
(Fiiihbeet) 

20.  4. 

27.5. 

Kohlrabi 

15.  5. 

(Freiland- 
saatbeet) 

17.6. 

Diingung  in  dz/ha: 
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Tomaten      Gurken      Sellerie      Kohlrabi 


Schwefels.  Ammoniak 
Kalkammonsalpeter 
Superphosphat 
40prozentiges  Kali 


— 

1.0 

7.5 

5,0 

7.5 

3,1 

8.4 

10,2 

8,4 

8.4 

4,25 

4,25 

4,25 

4,3 

Nach  dem  Pflanzen  bzw.  nach  der  Aussaat  wurde  der  Boden  bei  Tomaten, 
Sellerie  und  Gurken  etwa  3  cm  dick  mit  Stroh  und  bei  Kohlrabi  mit 
Champignonmist  bedeckt. 

Pflegemafin  ahmen : 

Unbedeckte  Parzellen  dreimal  gehackt,  bedeckte  Parzellen  einmal  gejatet. 

Tomaten 

Aus  der  folgenden  Tabelle  geht  hervor,  daB  die  Bedeckung  des  Bcxiens  zum 
Teil  eine  erhebliche  Ertragssteigerung  zur  Folge  hat.  Selbst  bei  der  Priif- 
nummer  V,  die  keine  Diingung  erhalten  hatte,  wurde  durch  die  Abdeckung 
des  Bodens  der  Ertrag  auf  der  gleichen  Hohe  gehalten  wie  bei  der  Priif- 
nummer  I  und  hoher  als  bei  der  Priifnumnier  II,  die  beide  mit  einer  Voll- 
diingung  versehen  waren.  Die  Priifnummer  IV,  die  ungeteilt  die  gesamte 
Diingung  vor  der  Bestellung  erhalten  halte,  zeigt  einen  Mehrertrag  von 
72  Prozent  gegeniiber  der  unbedeckten  Priifnummer  I. 

Tabelle   1 
EdnfluB  der  Bodenbededcung  auf  den  Gesamtertrag 


Prufnummer 

dz/ha 

relativ 

P  % 

1.  unbededct,  gehadct, 
geteilte  Dungergabe 

182,53 

100,00 

1 

2.  unbededct. 
nicbt  gehadct. 
geteilte  Diingergabe 

146,93 

80,49 

9,5 

3.  bededct, 
geteilte  Dungergabe 

270,40 

147,13 

<  0,1 

4.  bededct, 

gesamte  Diingergiabe 

vor  der  Bestellung 

315.07 

172,61 

<  0,1 

5.  bededct,   ungedungt 

186.53 

102,19 

84,1 

^m  die  Ergebnisse  nodi  besser  zu  veransdiaulidien,  seien  diese  nodimals 
9raphisdi  dargestellt  (s.  Abb.  1). 

l^e  Priifung,  inwieweit  durdi  die  Bodenbedeckung  die  Sortierung  be- 
einfluBt  wird,  ergibt  nur  geringfiigige  Differenzen  gegeniiber  der  iiblidien 
Ajibaumethode.  Nur  die  ohne  Diingung  gebliebene  Prufnummer  V  zeigt 
eine  deutliche  Versdilediterung  der  SortieiTing: 

Tabelle   2 
Einflufi  der  Bodenbededcung  auf  die  G1iteklassenzugeh5rigkeit 


Prufnummer  x  relativ  p  % 

1.  unbededct,  gehackt, 

geteilte  Dungeigabe  1.808  100,00  — 

2.  unbededct, 
nidit  gehackt, 

geteilte  Diingergabe  1,746  96,52  2.0 


3.  bededtt, 

gel  elite  Dilngergabe 

4.  bededct, 
^esamte  Dfimieigabe 
voi  dCT  Bestell-unq 

5.  bededct,  ungediingl 


100,11  92,00 

89,71  <  0,1 


Die  Bodenbedediung  hatte  bei  dem  Witteiungsverlauf  1953,  wenn  me 
aus  den  an  den  jeweiligen  Emtetagen  erzielten  Erntemengen  den  mittlecE 
Erntetermln  erredinct,  eine  leichte  Ernteverzogeiung  zur  Folge; 


EInfluD  der  Bodenbededcung  aul  die  FiUhzeldgkell 


Piufnummer 


2.  unbededtt, 
nidit  gehackt 
geleilte  Diinrjerq-ab'? 


qeteille  Diinqerqabp 

4.  bedeckl, 
gesamte  Ehingergabe 
vor  der  Bestellun<r 

5.  bedeckl,  unqedunqt 


112.57  0,18 

101,87  56,0 


mg  des  Bodens  erhohte  Erntemengen  erzielt  werden.  Das  zeigt  deutlich 
raphisdie  Darstellung: 

ds/ho 


IV 


Bodmnbmdmdiunq  KmI  Tomofsn 
Ertraosv»riouf 


1. 


2.    3.    4.     5.    6.    ?.    6.    9.   10.  11.  12.  13.  U. 

Erntatog 


Abb.  2 


Gurken 

bei  den  Gurken  hat  die  Bcxlenbedeckung  eine  Ertragserhohung  zur 
5.  Den  hodisten  Ertrag  bringt  hier  die  Priifnummer  III,  bei  der  die 
rung  geteilt  und  die  zweite  Gabe  als  Kopfdiingung  auf  die  Bedeckung 
ben  wurde: 

Tn  belle   4 

Einflufi  der  Bodenbededning  auf  den  Gesamtertrag 


Prufniimmer 

dz/ha 

Telativ 

P  % 

1.  unbededct,  gehadct, 
geteilte  Dungergabe 

282,86 

100,00 

2.  unbededct, 
nidit  gehadct, 
geteilte  Dungeigabe 

253,75 

89,72 

21,7 

3.  bedeckt, 

geteilte  Diingergabe 

379.58 

134,22 

<  0,1 

4.  bededct, 

gesamte  Diingergabe 

vor  der  Bestellung 

363,86 

128.65 

0,26 

5.  bededct,  ungediinflt 

201.56 

71,27 

0,26 
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Nadi  der  Auswertung  der  Ergebnisse  hinsiditlldi  der  Giiteklassenveitei- 
lung  bei  der  Ernte  hat  die  geringe  Verscfalechtening  bei  den  Priif- 
nuiumern  III  und  IV  auf  den  Ertragserlbs  kaum  einen  EinfluB,  wenn  man 
die  gewiditsmaQig  gesldierten  Differenzen  von  34  Prozent  und  28  Frozen! 
gegeniiber  unbedeckt  beriidcsidiligt: 

Tabelle  5 
ElnOuB  der  Bededtnng  aul  die  GBteUaaseiuugebOrlgkelt 


1.  unbededct,  gehadit, 
geteilte  Dflftgergabe 

2.  unbededct, 
nidit  gehiadct, 
geteilte  Diinqergjibe 

3.  bededct, 
geteilte  Dilngetgabe 

4.  bededct, 

gesamte  I>iin<(«rg'abe 
VOT  der  Beslellunq 

5.  bededtt,  ungediintrl 


100,10  92,0 


1,896  96,93  0,44 

1,984  101,43  11,4 


Im  Gegensatz  zu  den  Tomaten  antworten  die  Gurken  bei  abgededctem 
Boden  nadi  Erredinung  eines  auf  die  Gesamternte  bezogenen  mittleren 
Erntetermins  mit  einer  geringen  Ernteverfnihung,  die  statislisdi  aber  nidit 
gesidiert  werden  kann: 
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Einfhill  der  Bodenbededcung  auf  die  Entwiddungsdauer 


PrufnummeT 

z 
Tage  bis 
zuT  Ernte 

lelativ 

P  % 

1.  unbededct,  gehadct, 
geteilte  Diingergiabe 

94,214 

100,00 

.,_ 

2.  uDibed'edLtt 
nddit  gehadct, 
geteilte  Diinger^abe 

90,760 

96.33 

38.6 

3.  bededct« 
geteilte  DQngergabe 

89,248 

94,73 

21,7 

4.  bededct, 

gesamte  Diingergabe 

vor  der  BesteMung 

89,344 

94,83 

21,7 

5.  bededct,  ungedungt 

93.766 

99,53 

92,00 

Bei  Beriidcsiditigung  der  hoheren  Erntemengen  an  den  einzelnen  Emte- 
tagen  wird  dieser  Einflufi  noch  deutlidier: 


ds/ha 


aoo 


180 


100 


Bod«nb«d«dung  M  Gurkan 
Erfragivvrlouf 


Abb.  4 
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Tabelle    7 
ElnlluB  der  Bodenbedeckung  anf  den  GeMinteitrag 


PTiifnummer 

dz/ha 

Telativ 

p% 

1,  unbededct.  gehadtt, 
qeteilte  Dflngergabe 

104,40 

100,00 

_ 

2.  imbededtt, 

nidit  gehatkt, 
ijeteilte  DUogergobe 

69,47 

66,54 

0,44 

3.  bededct, 

qeteilte  Diingeigabe 

131,06 

125,54 

2,0 

t.  bedeckt. 

voT  der  Bestellunfl 

114,14 

109  58 

33,6 

97,47 

96,36 

49,06 

Graphisdie  Darstellung  der  Ergebnisse: 


nl. 


ij 


Im  Gegensatz  zu  den  Tomaten  und  Gurken  ubt  die  Bodenbededcung  beim 
Sellerie  elnen  qualiUtsverbessernden  EinfluR  aus: 

Tabelle  8 
ElnfluB  der  Bededtnng  auf  die  GBIeklaucazngeliftrigkeli 

Prulnununer  »  lelativ  p  % 

1.  unbededtl,  gehadtt, 

qeleilte  Diingerqabe  1,386  100,00  — 

2.  unbededcl, 
nidit  gebackt, 

geteille  Dungergahe  1,052  76,05  0,53 

1,604  130,16  0.13 


tTUtDummer 


4.  bededct, 

vor  der  Beslellung 

1,612 

116,31 

5.  bededtl,  ungcdunqt 

1,278 

92.21 

In  Vcrbindung  mit  der  25prozentigGn  Ertrdgseihohung  bei  Prilfnummer  III 
wird  durdi  die  30prozentige  Qualititsvcrbesserung  ein  beadittJdier  Mehr- 
eiloE  erzielt. 


Die  Ertragssleigerung  durdi  die  Bodenbededcuag  ist  bei  Kohlrabi  am 
hddisten,  wenn  die  gesamte  Diingung  ungeteilt  vor  der  Bestellung  gegebea 
wird  (Priifnummer  IV): 

Tabelte   9 
ElniliiB  der  Bodenbededmng  auf  den  Geiamterliag 

,  PiQfnuDuncr  dz/ha  lelattv  p  % 


1.  unbededct,  gehadit, 
geleilte  Diingeigabe 

212,67 

100,00 

2.  unbededtl. 
nidrt  gehadtt. 

geleille  Diingeigabe 

228,89 

107,6 

3.  bedeckt, 

qeteilte  Dilnqergabe 

280,44 

131,9 

4.  bededit, 

gesamte  Diingergabe 
voT  der  Bestelluoq 

330,00 

155,2 

230,00 

108,2 

Graphisdie  Darstellung  der  Ergebnis! 


Dr.  Hans'Friedrich  Joachim 

Untersudiaiifisen  fiber  die  WurzblausbilduDg  der 
Pappel  and  die  Staodortansprfiche  von  Pappelsorten 

208  Selten,  190  Abbildungen.  Grofioktav, 
brosdiiert,  7,80  DM 

Band  7  der  Wissenscfaaftlidien  Abhandlungen  der 
Deutsdien  Akademie  der  Landwirtsdiaftswisfiensdiaften 
zu  Berlin 


In  der  vorliegenden  Arbeit  sind  die  Ergebnasse  einer  Reihe 
von  Untersudiimgen  niedergelegt,  die  durdigefiihrt  wur- 
den,  um  einen  Einblidc  in  die  Beziehungen  zwischen  Stand* 
ort  und  Wuchsleistung  der  Pappel  zu  erhalten  und  Auf- 
fidiluB  dariiber  zu  bekc»nmen.  weldie  Standorte  mit  Hilfe 
der  Pappel  lohnend  in  die  Holzproduktion  einbezogen 
werclen  k&nnen.  Nadi  einer  Kennzeidmung  der  unter- 
suditen  Standorte  und  Pappelsorten  werden  die  Unter- 
sucfaungsergebnisse  uber  die  Wurzelausbildung  und  die 
StandortansprUche  von  Pappeln  behandelt.  Die  letzte 
Untersuchungsreihe  befaBt  sidi  vor  allem  mit  dem  Ver- 
halten  auf  den  verschiedenen  Standorten. 


Bestellen  Sle  bevorzugt  bel  Ihrem  Buchhlndler! 

Falls    eine   Budihandlung    nidit    erreidibar,  wenden    Sie 
sidi  an  den  Verlag. 


DEUTSCHER  BAUERNVERLAG,  BERLIN  C  2  -  Am  Zeughaua  1/2 


Jahrbuchl952 

der  Deutschen  Akademi^  der   Ltrndwirtschaftawieeenschaftea 

« 

ztt  Berlin 


243  Seiten,  Grofioktav,  Halbleinen,  7,50  DM 


Das  Jahrbuch  1952  unten'iditet  liber  die  Struktur  der 
Akademie,  ihre  Elnriditungen,  sowie  iiber  die  Zusammen- 
setzung  der  einzelnen  Organe.  Uber  die  Institute  und 
sonstigen  Untemehmungen  der  Akademie  enthSlt  es  aus- 
fuhrlidie  Beridite,  in  denen  die  Entwicklung,  Gliederung 
und  die  Aufgaben  jeder  dieser  EinHditungen  sowie  jeder 
Unterabteilung  im  einzelnen  dargelegt  werden.  Diese 
Berichte  geben  einen  Uberblick  iiber  die  im  Jahre  1952 
geleistete    Forsdiungsarbeit,    iiber    die    im    Berichtsjahr 

« 

ersdiienenen  Veroffentlidiungen  und  die  sonstige  TMtig- 
keit.  Die  kiinftigen  Aufgaben  werden  umrissen.  Das  Jahr- 
budi  bringt  aufierdem  die  Beridite  der  Sektionen  iiber  die 
geleistete  Arbeit. 


Bestellen  Sie  bevorzugt  bei  Ihrem  Bucfah^dler! 


Falls    eine   Buchhandlung    nicht   erreichbar,   wenden   Sie 
sidi  an  den  Verlag. 
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in  Deulsdiland 
|.  Reinhold,  Beriin 

Vorlrag   anlafilicb   des    IS'iabrigen    Bestebens  der  Fachrichtung    Garlenbau   det 

LandwirtscbaflUcb-Gartneriscben  FakuUal  der  Humboldt-Universitat  z«  Berlin, 

gehallen  am  29.  Oktober  1954 

Wenn  wir  das  25jahrige  Bestchen  des  akademischen  Studiums  des  Garten- 
baues  begehen  konnen,  so  ist  es  wohl  berechtigt  und  notwendig,  einen 
Ruckblick  zu  tun  au(  die  Vorgcsdiichte  des  Garten baustudiums  wie  audi  auf  seine 
Entwiddung.  Viele  kennen  die  Ercjgnisse  um  1929  aus  eigenem  Erleben.  Wir 


wollen  aber  nidit  allein  eine  Erinnecung  wadicufen,  sondern  wollen  sie  der  kom- 
menden  Generation  ubermittein  und  wollen  sdiliefilidi  selbst  aus  der  Gesdiidite 
des  ganenbaulidien  Scudiums  lemen.  um  in  dec  Zukunft  dem  Fortsdirltt  die  fiahn 
nod)  besser  fiei  madien  zu  helfen. 

Die  ecsten  praktisdien  Regungen  im  Hinblidt  auf  eine  Ganenbauhodisdiulc  im 
Bediner  Raum  gingen  von  Peter  Joiepb  Le/ine  aus  (2).  Nadi  anfanglidiem  MiC- 
erfolg  veranlafite  er  1823  den  ..Vecein  zur  Befordecung  des  Gartenbauet  in  den 


Schule  einzurichten.  Dieser  Antrag  wurde  am  20.  August  1823  bewilligt,  und  die 
Gartnerlehranstalt  wurde  im  Friihling  1824  eroffnet. 

Lenne  wurde  ihr  erster  Direktor.  Man  glaubte  zunachst  3  Abteilungen  unter- 
scheiden  zu  miissen.  Fiir  die  dritte  und  hochste  Stufe  wurde  ein  drei- 
jahriger  Kursus  bestimmt.  Die  „Z6glinge"  -  wie  sie  genannt  wurden  - 
sollten  die  Rechte  und  Vorziige  der  Akademiker  geniefien  und  als  solche 
bei  der  Universitat  immatrikuliert  werden.  Am  20.  Oktober  1827  verfugte 
der  zustandige  Minister  ferner  an  den  Rektor  der  Universitat  Berlin,  daS 
den  Wildparker  Zoglingen  der  Besuch  geeigncter  Vorlesungen  an  der  Uni- 
versitat gestattet  werde  wie  den  Eleven  anderer  wissenschaftlicher  Institute  (7). 
Diese  Regelung  war  sehr  bedeutsam»  denn  sie  dokumentierte  zum  ersteo 
Male  in  der  Geschichte  des  deutschen  Gartenbaues  das  Recht  des  Gartners 
auf  ein  akademisches  Studium.  Dies  verbriefte  Recht  blleb  aber  allein  auf  dem 
Papier  stehen.  Die  Ursache  hierfur  lag  darin,  dafi  mafigebliche  Kreisc  sowohl  in 
den  Ministerien  wie  in  der  Wissenschaft  als  vor  allem  audi  in  der  Grofiiandwirt- 
schaft,  den  Gartenbau  nur  sehr  oberflachlich  und  falsch  einschatzten.  Hinsichdidi 
der  Einstellung  zum  Gartenbau  moge  eine  ministerielle  AuBerung  vom  Jahre 
1834,  die  auf  einem  „wissenschaftlichen"  Gutachten  basierte,  Einblick  geben,  die 
besagt:  „Dafi,  wenn  man  nur  das,  was  bei  uns  den  Gartenbau  eigentiich  fordere, 
genauer  ins  Auge  fasse,  es  die  Liebhaberei  fiir  ausgezeichnete  neue  Gewadise 
sei.  Das  wichtigste,  was  von  jedem  Gartner  gefordert  werde,  sci  die  Tiichtigkeit 
fiir  die  Liebhaberei"  (2).  Dafi  man  fiir  solche  vermeintlichen  Ziele  keine  aka- 
demische  Ausbildung  zulassen  wollte,  nimmt  nicht  wunder.  Diese  falsche  Ein- 
schatzung  des  Gartenbaues  in  der  damaligen  Zeit  hat  aber  noch  tiefere  Ursachen. 
namlich  in  der  sozialen  Struktur  jcner  Epoche.  In  den  ersten  Jahrzehnten  des 
vorigen  Jahrhunderts  gab  es  in  Deutschland  kaum  Erwerbsgartnereien.  Die  GroB- 
zahl  der  Gartner  war  auf  den  Giitern  und  Besitzungen,  in  den  Garten  der 
Villen  und  Schlosser  als  sogenannte  „Herrschaftsgartner'*  tatig,  davon  der 
groBere  Anteil  bei  Gutsbesitzem  und  GroBunternehmern.  Je  nach  GroBe  einer 
solchen  „Herrschaftsgartnerei",  die  allein  der  Liebhaberei  des  Geldgebers  zu 
dienen  hatte  (vgl.  obige  ministerielle  AuBerung!),  wurde  der  Gartner  noch  als 
Diener,  Heizer,  Jager,  Kutscher  und  in  spateren  Jahren  als  Chauffeur  verwcndet. 
Nur  an  einem  solchen  Typ  eines  Gartners  hatte  die  besitzendc  Klasse  damaiiger 
Zeit  Interesse ;  nur  ihn  sahen  und  begehrten  sie.  Da  aber  die  besitzende  Klasse  die 
herrschende  war,  bestand  auch  ganz  ofRziell  zunachst  keinerlei  Interesse  daran, 
dem  Benif  des  Gartners  eine  hochschulmaBige  Ausbildung  zu  gewahren.  Der 
Kampf  Lennes  gegen  diese  riickstandige  Auffassung  schlug  wohl  manche  Bresche, 
konnte  aber  doch  nicht  zum  Ziele  fuhren.  Er  wies  nach,  daB  von  den  aus  Wild- 
park  abgehenden  Gartnern  nicht  ein  einziger  in  cinen  derartigcn  Dienst  fur  jenc 
Liebhaberei  trat.  Es  wurden  nach  seinen  Ermittlungen  vielmehr  von  den  Absol- 
venten  groBe  Fahigkeiten  im  Gemuse-  und  Obstbau,  im  Freien  wie  untcr  Glas 
verlangt,  ferner  „Kenntnisse  und  Fertigkeiten,  Garten  anzulcgen"  usw.  (2).  Zur 
Erreichung  dieser  Ziele  sei  eine  griindliche  und  gediegene  praktisch-wissenschaft- 
liche  Ausbildung  notwendig. 

Von  dieser  Zeit  an  (also  um  1830  hcrum)  setzt  der  Kampf  des  Gartenbaues  und 
seiner  fiihrenden  Manner  um  die  Anerkennung  des  Berufes  und  um  die  Moglich- 
keit  einer  akademischen  Ausbildung  ein.  Er  wurde  immer  scharfer,  weil  der 
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Gartnerstand  als  cine  Korperschaft  anzuerkenncn  und  eine  Gartner-Akadeniie 
einzurichten,  wurden  1850  vom  Ministerium,  nachdem  die  reaktionaren  Krafte 
wieder  Oberhand  gewonnen  batten,  abgelebnt. 

Einen  gewissen  Erfolg  batte  Lenne  binsicbtlicb  der  Anerkennung  der  Garten- 
gestaitung  zu  verzeicbnen,  die  in  Eggers*  einen  verstandnisvolien  Forderer  fand. 
Letzterer  cmpfahl,  die  Gartenkunst  „als  eine  scibstandige  Abteilung  der  bilden- 
den  Kunste"  anzuerkennen. 

Nach  Lennes  Tode  (1866)  wurde  es  rubiger  urn  das  Ringen  nacb  einer  akademi- 
scben  Ausbildungsstatte  des  Gartenbaues.  Erst  rund  30  Jabre  spater,  als  Theodor 
Ecbtermeyer  1894  die  Gescbicke  der  Wildparker  Gartnerlebranstalt  in  seine 
Hande  nabm,  wurde  das  Ziel,  eine  Hocbscbule  fiir  den  Gartenbau  zu  scbaffen, 
wieder  lebendig.  Der  nur  wenig  iiber  30  Jabre  alte  Leiter  der  Anstalt  wurde  nun 
wabrend  seiner  gesamten  35jabrigen  Amtszeit  der  unverdrossene  Streiter  gegen 
die  gleicben  Krafte,  gegen  die  audi  Lenne  zu  kampfen  batte.  Ibm  kam  zugute, 
daG  der  Gartenbau  einen  grofien  und  rascben  Aufscbwung  nabm,  und  dafi  seine 
volkswirtsdiaftlicbe  Bedeutung  fortgesetzt  zunabm.  Anfangs  geiang  es  ibm  audi, 
seinen  Vorgesetzten,  den  Ministeriaidirektor  D/-.  Tbiel,  von  der  Notwendigkeit 
einer  wissensdiaftlidien  Ausbildung  im  Gartenbau  zu  iiberzeugen,  denn  bald  nadi 
dem  Dienstantritt  Echtermeyers  veroffendidite  Thiel  1897  bemerkenswerte  Ge- 
danken  zur  Frage  der  gartnerisdien  Ausbildung.  Er  sdirieb  u.  a.  folgendes  (15): 
,.Die  Frage  nadi  der  besten  Ausbildung  ist  nidit  so  leidit  zu  beantworten,  weil  es 
wobl  keine  so  mannigfaltige  Laufbabn  gibt  als  gerade  die  des  Gartners.  Fiir  alle 
der  Art  und  dem  Mafie  nadi  versdiiedenen  Begabungen  bietet  sidi  ja  in  diesem 
grofien  Rabmen  ein  Spielraum  zur  Betatigung.  Wissensdiafdidi  botanisdi  gcridi- 
tete  Mensdien,  prakdsdie  Kultivateure,  kaufmannisdi  veranlagte  Gesdiaftsleute, 
tuditige  Verwaltungsbeamte  fiir  ofFentlidie  Anlagen,  freisdiaffende  Gartenkunst- 
ler,  was  gebt  nidit  alles  aus  der  Gartnerei  bervor,  und  weldie  Abstufungen 
materieller  Existenz  und  gesellsdiaftlidier  Stellung  sind  nidit  in  der  langen  Reibe 
zwisdien  dem  armen  Krauter  oder  dem  kleinen  Gutsgartner,  der  gleidizeitig  Jager 
und  Diener  ist,  und  dem  kaiserlidien  Hof-Gartendirektor  oder  dem  Cbef  einer 
gartnerisdien  Weltfirma  vorbanden." 

ZTbiel  weist  dann  auf  die  Notwendigkeit  desAusbaues  der  Wildparker  Lebranstalt 
\jnd  ibrer  Verlegung  nadi  Dablem  bin  und  erklart,  dafi  diese  kommende  Lebr- 
anstalt die  bodisten  Ziele  wissensdiaftlidi-gartnerisdier  Ausbildung  verfolgen  solle 
vind  sidi  dem  Wesen  akademisdier  Hodisdiulen  nabern  solle.  Die  so  reorganisiertc 
Oartnerlebranstalt  solle  sidi  sdiliefilidi  zu  einer  wirklidien  Akademie  des  Garten- 
baues entwidceln  konnen.  Wenige  Jabre  danadi  aber  riidcte  Thiel  von  diesem 
seinem  Ziel  wieder  ab,  was  er  redit  deutlidi  gelegentlidi  der  Eroffnung  der 
iDahlemer  Gartnerlebranstalt  im  Jabre  1903  in  seiner  ofTentlidien  Anspradie  mit 
Folgenden  Worten  zu  erkennen  gab:  „Gegen  eines  modite  idi  allerdings  sdion  bier 
X^erwabrung  einlegen.  So  sebr  wir  audi  geneigt  sind,  den  Unterridit  moglidist 
^u  spezialisieren  und  zu  verdefen,  so  wollen  wir  uns  dodi  nidit  auf  den  Weg 
clrangen  lassen,  der  zur  sogenannten  Gartnerisdien  Hodisdiule  fiibrt"  (3).  Das 
v«^ar  fiir  Ecbtermeyer  und  den  Gartenbau  liberbaupt  ein  sebr  sdiwerer  Sdilag,  denn 
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wurde   lediglich   erreicht,   dafi   das  bestandene  Abschlufiexamen   der   Hoheren 
Gartner-Lehranstalt    in    Berlin-Dahlem    zum    akademischen    Studium    an   alien 
Berliner  Hochschulen  berechtige  (7).  In  der  Folgezeit  machten  der  Gartenbau 
und  audi  seine  Wissenschaft  triibe  Erfahrungen  mit  der  Bevormundung  durdi 
die  Kreise  der  Grofilandwirtschaft.  Die  Revolution  nach  dem  ersten  Weldcriege 
brachte  das  kaiserliche  Regime  2um  Umsturz.  Wenn  damals  audi  die  Madit 
der  Junker  nidit  gebrodien  war,  so  vermodite  sidi  jetzt  (1919)  Ecbtermeyer  dodi 
entsdiiedener  zur  Wehr  zu  setzen.  Er  forderte  Erholungsstatten  fur  die  Forderung 
der  Volksgesundheit  und  trat  fiir  eine  gemisdite  Kost  unter  Berudcsididgung 
von  Obst  und  Gemuse  ein  unter  Hinweis  auf  deren  hohen  diatetisdien  Wert. 
Ungeziigelte  Importe  bekampfte  er  und  forderte  dafiir  die  Besiedelung  bradi- 
liegender  Landereien  und  die  Enteignung  von  sdiledit  wirtsdiaftenden  GroCgrund- 
besitzern.  Er  empfahl  die  genossensdiaftlidie  gartnerisdie  Bewirtsdiaftung  und 
Sdiaffung  von  Gartner-Kolonaten  auf  genossensdiaftlidier  Basis  unter  dem  Leit-        I  p^ 
satz  „Da8  Gemeinsame  stutzt  den  Staat,  das  Selbstsiiditige  Idst  ihn  auf.  Deshalb 
ist  es  nutzlidi,  wenn  das  Gemeinsame  dem  einzelnen  vorangestellt  wird!"  (4).         I  \^ 
Spielte  bis  zum  Kriege  die  Gartengestaltung  die  fuhrende  Rolle  im  gartnerisdien         \  ^^ 
Ausbildungswesen,  so  trat  nun  der  „Nutzgartenbau",  der  Obst-  und  Gemusebau 
hervor.  Das  fiihrte  in  der  gartnerisdien  Ausbildung  zu  Rivalitatsersdieinungen 
zwisdien   Gartenbau   und   Gartengestaltung,   die   sidi   bedauerlidierweise   vielc 
Jahre  hindurch  fortgesetzt  haben,  sehr  zum  Sdiaden  beider  Zweige. 

Zum  Verstandnis  der  gesamten  Situation  mufi  nodi  vervollstandigt  werden,  dafr 
Ecbtermeyer,  der  ein  Zogling  der  Wildparker  Gartnerlehranstalt  aus  den  Jahren 
1884/86  war,  nidit  iiber  geniigend  feste  wissensdiaftlidie  Grundlagcn  verfugte^ 
um  sidi  liberall  durdisetzen  zu  konnen.  Seine  Starke  lag  vielmehr  auf  dem  Gebiete- 
der  Organisation  und  der  Leitung  der  ihm  unterstellten  Einriditungen.  Audi  ver- 
modite er  gesdiidct  zu  verhandeln.  Diese  Umstande,  der  Kampf  gegen  die  Kreise 
der  Groftlandwirte,  Zwistigkeiten  zwisdien  Gartenbau  und  Gartengestaltung,  sowic 
die  wissensdiaftlidie  Anerkennung,  die  Ecbtermeyer  versagt  wurde,  fuhrten  dazu, 
dafi  die  Forderungen  nadi  der  Hodisdiule  des  Gartenbaues  haufig  genug  zer- 
sdilagen  wurden  und  versandeten. 

Seine  Bestrebungen  um  die  gartnerisdie  Hodisdiule  braditen  nun  nadi  dem  Kriege 
im  Jahre  1919  einen  gewissen  Liditstreifen  am  Horizont,  namlidi  eine  Erwagung 
des  vorgesetzten  Landwirtsdiaftsministeriums,  „die  Anstalt  anlafilidi  der  geplan- 
ten  Verlegung  der  Landwirtsdiaftlidien  Hodisdiule  nadi  Dahlem  mit  dieser  in 
organisdien  Zusammenhang  zu  bringen".  Ein  positiver  Erfolg  trat  dann  aber  erst 
5  Jahre  spater  -  also  im  Jahre  1924  -  ein  durdi  die  Emennung  Ecbtermeyers 
zum  Honorarprofessor  an  der  Landwirtsdiaftlidien  Hodisdiule  in  Berlin  mit  einem 
gartnerisdien  Lehrauftrag  (5).  Er  wurde  zugleidi  Mitglied  des  Senates  mit  der 
Mafigabe,  dafi  ihm  Sitz  und  Stimme  in  alien  Angelegenheiten  des*  Gartenbaues 
zustehe  zwedcs  Herbeifuhrung  einer  engeren  Verbindung  zwisdien  der  Landwirt- 
sdiaftlidien Hodisdiule  in  Berlin  und  der  Lehr-  und  Forsdiungsanstalt  fur  Garten- 
bau in  Berlin-Dahlem  (6).  Es  gelang  damals  aber  bedauerlidierweise  nidit,  diese 
Annaherung  zu  vollziehen.  Weldie  Widerstande  dem  entgegenstanden,  mdge  ein 
Gespradi  zeigen,  das  ich  1923  mit  dem  grofien  Gelehrtcn  Aereboe  hatce,  bei  dem 
idi  als  Gartner  zu  promovieren  beabsiditigte.  Nadidem  idi  ihm  mein  Anliegen 
vorgetragen  hatte,  klopfte  er  mir  freundlidi  auf  die  Sdiulter  und  sagte:  ,Junger 
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Freund,  wenn  Sie  studieren  woUen,  mussen  Sie  umsatteln.  Wenden  Sic  sich  dcr 
Landwirtschaft  zu  oder  studieren  Sie  Volkswirtschaftslchre.  Gartenbau  kann  man 
nicht  studieren  woUen.  Die  Gartnerei  ist  eine  Handfertigkeit,  etwa  wie  die 
Schusterei.  Schusterci  kann  man  audi  nicht  studieren  wollen."  Gegen  Meinungen 
soldier  Art  konnte  sidi  audi  ein  Landwirtsdiaftsminister  nidit  durdisetzen,  der 
1924  geiegentlidi  der  100-Jahr-Feier  der  Lehr-  und  Forsdiungsanstalt  fiir  Garten- 
bau in  Berlin-Dahlem  in  seiner  Anspradie  erklarte,  dafi  es  notwendig  sei,  dafi 
das  Dahlemer  Institut  einen  akademisdien  Grad  erhalten  mufite  und  mit  anderen 
Hodisdiulen  gleidigestellt  werden  solltc  (5).  Im  Augenblidc  -  so  fiihrte  er  weiter 
aus  -  gestatte  es  die  Finanzlage  aber  bedauerlidierweise  nidit,  diese  Umwandlung 
zu  vollziehen. 

In  den  folgenden  2  Jahren  aber  kamen  die  Verhandiungen  urn  eine  akademisdie 
Ausbildung  trotz  lebhafter  Diskussionen  in  der  Fadiwelt  nidit  weiter,  und  so 
grCindete  Ecbtermsyer  im  Oktober  1926  eine  „Arbeitsgemeinsdiaft  zur  Sdiaffung 
einer  Gartenbauhodisdiule"  (13).  Man  legte  Echtermeyer  nahe,  seine  Sadie  dies- 
mal  nidit  allein  und  selbst  zu  vertreten,  sondern  den  Vorsitz  an  die  leitendcn 
Personlidikeiten  des  Reidisverbandes  des  deutsdien  Gartenbaues  abzutreten.  Das 
gesdiah;  aber  ofFenbar  war  das  keine  gliiddidie  Sadie;  denn  sdion  in  der  ersten 
Sitzung  unter  der  neuen  Leitung  kam  es  zu  grofien  Meinungsversdiiedenheiten, 
die  zu  einem  bedauerlidien  Brudi  2:wisdien  dem  Gartenbau  und  der  Garten- 
gestaltung  fiihrten.  Eine  weitere  Sitzung  fand  erst  statt,  nadidem  1929  die 
Diplomgartnerausbiidung  an  der  Landwirtsdiaftlidien  Hodisdiule  in  Berlin  sdion 
eingeriditet  worden  war.  Diese  Zusammenkunft  hatte  nur  nodi  zum  Zwedc»  die 
Arbeitsgemeinsdiaft  als  aufgelost  zu  betraditen  -  eine  „segensreidie"  Tatig- 
keit  der  leitenden  Manner  des  Reidisverbandes  in  der  Frage  der  Sdiaffung  einer 
akademisdien  Ausbildungsstatte  fiir  den  Gartenbau!  Der  vorhin  erwahnte,  dem 
Gartenbau  abtraglidie  Einflufi  Tbiels  strahlte  bis  in  den  ersten  Weltkrieg  und  die 
Zeit  danadi  aus.  Oldenburg,  der  ebenso  wie  Tbiel  vornehmlidi  die  Interessen  der 
Grofilandwirtsdiaft  vertrat,  verfodit  die  gleidien  Ideen  und  wurde  in  diesem  Streit 
ein  unversohnlidier  Gegner  Ecbtermeyers.  Zwar  konnte  Oldenburg  sidi  in  seiner 
1927  ersdiienenen  Denksdirift  nidit  mehr  den  Argumenten  entziehen,  die  vom 
Gartenbau  und  seiner  Wissensdiaft  immer  wieder  vorgebradit  wurden.  Er  nahm 
einen  ganz  minimalen  Bedarf^an  wissensdiaftlidi  gebildeten  Gartnern  an  und 
sdiatzte  diesen  Bedarf  „auf  hodistens  ein  bis  zwei  Dutzend  im  Jahr"  (12,  S.  46). 
In  der  gleidien  Sdirift  bezifferte  er  aber  den  zulassigen  Hodistzuzug  an  landwirt- 
sdiaftlidien Studenten  mit  1000  und  dokumentierte  damit,  dafi  er  dem  Gartenbau 
2  %  dieser  Zahl  an  Studierenden  zubilligen  wollte.  2  %,  das  war  damals  das  Ver- 
haltnis  der  Fladiennutzung  des  Gartenbaues  im  Vergleidi  zur  Landwirtsdiaft.  Er 
folgerte  aus  dieser  oberfladilidien  Argumentierung,  dafi  an  2  Landwirtsdiaft- 
lidien Hodisdiulen  je  eine  Professur  fiir  Gartenbau  hinreidien  durfte. 

Diese  Denkschrift  hat  in  den  Kreisen  des  gesamten  Gartenbaues  starken  Widcr- 
sprudi  ausgelost,  ein  Zeidien,  dafi  jetzt  dodi  sdion  ein  anderer  Wind  wehte,  als  nodi 
zu  Tbiels  Zeiten.  /.  Reinbold  wurde  damals  von  der  Vereinigung  Ehemaliger 
Wildpark-Dahlemer  beauftragt,  eine  Entgegnung  in  Form  einer  weiteren  Denk- 
sdirift zu  verfassen  (14),  die  nadi  Billigung  durdi  die  Vereinigung  1928  ebenfalls 
veroffentlidit  wurde.  Sie  gipfelte  u.  a.  in  der  Forderung  nadi  Erriditung  min- 
destens  einer  Hodisdiule  fiir  Gartenbau  mit  der  Empfehlung,  die  Lehr-  und 
Forsdiungsanstalten  fur  Gartenbau  in  Dahlem  und  in  Geisenhcim  zu  Hodisdiulen 
fur  Gartenbau  zu  entwidceln. 
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bcwilligt.  Es  wurde  darauf  hingewicscn,  d&&  bei  finanzicllcn  Sdiwierigkcitcn  ali 
Obergangslosung  der  AnschluG  an  die  Landwirtschafdidie  Hodischule  in  Berlin 
vorzusehen  sci.  Hicr  sollten  voterst  foigende  Lehntuhle  enicfatet  wecden,  fut: 

1.  Obst-  und  Gemiisebau, 

2.  Blumen-  und  Pflanzcnbau, 

3.  Gartengcstaltung. 

Der  lOOjahrige  Kampf  des  Gartenbaues  urn  seine  Hochsdiule  war  hiermit  erfolg- 
reich  bcendet.  Er  hattc  viclerlci  Fesseln  zu  sprengcn  und  hatte  viel  Kraft  absor- 
bicrt.  Vor  allem  abet  hatte  er  die  Entwiddung  der  Wissenschaft  im  Gartenbau 
aufgchalten.  Als  1929  das  Studium  da  war,  muGte  man  konstatieren,  daC  dit 
Gartenbau wissensdiaft  etwa  ein  halbes  Jahrhundert  hinter  der  Landwinsdiahs- 
wisscnschaft  zuruckgebliebcn  war. 


Theodor    Echtermeyer- 
letzte   das   gartnerische   Hoch- 


Es  drangt  sich  heute  die  Fcage  auf:  Warum  wucde  das  gartnerische  Hoch- 
schulstudium  erst  1929  eingenchtet,  wamm  muBte  es  gerade  das  Jahr  det 
Pensionierung  des  Vorkampfers  und  Wegbcreiters  sein?  Diese  Tatsache  zeigi 
die  mensdi lichen  Schwachcn  der  fiJr  den  Gartenbau  maBgeblidien  Instanzen 
im  Ministerium  fiir  Land-  und  Forsrwirtschaft  und  einiger  Mitlaufer  der  damaligen 
Zeic  auf!  Thr  Gegncr  Ecbtermeyet  hattc  gcsiegt,  aber  man  g<3nnte  ihm  diesen 
Sieg  nicht,  wcil  er  ihr  Gegner  gewesen  war.  der  mit  Mut  und  Zahigkeit  ohnc- 
gleichen  das  unverruckbare  Ziel  verEolgC  und  erreicht  hatte. 
Als  im  Oktober  1929  das  Studium  erotTnet  wurde,  waren  2  der  3  vocgcschcner 
Professurcn  besetzt,  und  zwar  die  o.  Professur  fiir  Gactengestaltung  durch  Erwin 
Barlh  sowie  die  Fiir  gartnerischen  Pflanzcabau  durdi  E-ricb  Meurer.  Die  Professur 

342 


iir  Obstbau  wurde  cin  Jahr  spater  durch  Erwin  Kemmer  eingenommen.  Diese 
Irei  Lehrstiihle  waren  zu  einer  gartnerischen  Abteilung  zusammengefafit,  mit 
leren  Leitung  Erwin  Barth  betraut  worden  war.  Diese  Abteilung  gliederte  sich 
mt"  in  eine  Fachriditung  „Gartengcstaltung",  die  wiederum  von  Barth  geleitet 
vurde  und  in  eine  Fachriditung  „Nut2gaitenbau",  der  Maurer  vorstand.  Nach- 
\cm  das  Diplomgartnerstudium  eingerichtet  worden  war,  unterliefi  man  es,  be- 
;ondere  Horsale  und  arbeitsfahige  Hochschulinstitute  fiir  den  Gartenbau  zu  schaf- 
en,  vielmehr  fanden  die  Vorlesungen  teils  in  den  alten  und  neuen  Horsalen  fiir 
lie  Ausbildung  der  Diplomlandwirte  bzw.  Diplomingenieure  statt,  teils  in  der 
L«hr-  und  Forschungsanstalt  fur  Gartenbau  in  Dahlem.  Teils  wurden  so  die  Vor- 
esungen  fur  Landwirte  und  Gartner  gemeinsam  gehalten  (Grund-  und  Hilfs- 
vissenschaften),  teils  aber  audi  fiir  die  Fadisdiiiler  und  fiir  die  Studenten  des 
jartenbaues  gemeinsam.  Letztercs  traf  gerade  fiir  die  Sdiwerpunktvorlesungen 
XI,  namlidi  fiir  die  gartenbauwissenschaftlidien  Fadier.  Teils  wurden  diese  Vor- 
esungen  je  nadi  der  Einstellung  de's  Lehrers  nun  auf  der  Fadisdiulbasis  gehal- 
en  und  die  Hodisdiulstudenten  fanden  dann  nidit  das  zu  fordernde  Niveau  vor, 
ells  wurden  sie  auf  die  Bediirfnisse  einer  wissensdiaftlidien  Ausbildung  aus- 
;eriditet,  und  in  diesem  Falle  konnten  die  Fadisdiiiler  nidit  iiberall  folgen.  Aber 
luch  hieruber  hinaus  gab  es  erklarlidierweise  die  versdiiedensten  Mifihelligkeiten. 
Das  konnte  natiirlidi  keine  Losung  fiir  die  Dauer  sein;  aber  immerhin  blieb  sie 
eit  1929  bis  zur  Spaltung  Berlins  bestehen.  Nodi  ubler  wirkten  sidi  diese  unklaren 
/'erhaltnisse  audi  auf  die  Sdiaffung  der  gartnerisdien  Hodisdiulinstitute  aus.  Die 
lodisdiullehrer  waren  groBenteils  zugleidi  Fadilehrer  und  umgekehrt,  und  so 
jaubte  man,  daB  es  ausreidiend  sei,  beiden  im  Rahmen  der  Lehr-  und  For- 
diungsanstalt  fiir  Gartenbau  in  Berlin-Dahlem  die  Moglidikeit  zu  geben,  wissen- 
diaftlidie  Arbeit  zu  leisten.  Man  hangte  zwar  der  Lehr-  und  Forsdiungsanstalt 
inige  Versudisfladien,  die  fiir  die  Hodisdiulinstitute  bestimmt  waren,  an,  erstellte 
uch  einiges  weniges,  ganz  unzureidiendes  an  Sdiuppen  bzw.  Baradcen,  dodi  das 
lies  war  der  Arbeit  eines  Hodisdiulinstitutes  unwiirdig. 

>abei  hatte  cs  eine  braudibare  Losung  gegeben,  namlidi  diejenige,  die  sdion  Peter 
osepb  Letme  und  spater  Theodor  Rcbtermeyer  angestrebt  hatten,  und  zwar  die 
)berfuhrung  der  Dahlemer  Lehr-  und  Forsdiungsanstalt  in  eine  akademisdie  Aus- 
iidungsstatie,  in  diesem  Falle  also  in  den  Bereidi  der  Abteilung  Gartenbau  der 
amaligen  Landwirtsdiaftlidien  Hodisdiule  zu  Berlin.  Es  wird  vor  der  Gesdiiditc 
es  deutsdien  Gartenbaues  immer  unverstandlich  bleiben,  dafi  die  fiihrenden 
lanner  der  Gartenbauwissensdiaft  es  nidit  verstanden  hatten,  eine  klare  Losung 
J  (inden.  Dieser  Krebssdiaden  wurde  bis  zum  Kriegsende  nidit  beseitigt  und 
lieb  daher  audi  bis  zur  Spaltung  Berlins  aufredit  erhalten. 

)er  anfanglidic  AnsdiluB  der  Ausbildung  der  Diplomgartner  an  die  Landwirt- 
iiaftlldie  Hodisdiule  bradite  andererseits  aber  audi  unverkennbare  Vorteile. 
>er  grofite  war  wohl  der,  dafi  der  Lehrkorper  der  Landwirtsdiaftlidien  Hodi- 
rhule,  der  sidi  aus  hervorragenden  Wissensdiaftlern  zusammensetzte,  audi  fiir 
inen  grofien  Teil  der  Vorlesungen  fiir  die  Studierenden  des  Gartenbaues  zur 
^erfiigung  stand. 

lit  Beginn  des  gartnerisdien  Studiums  an  der  Landwirtsdiafdidien  Hodisdiule 
r\  Jahre  1929  wurden  die  einzelnen  Fadier  von  folgenden  Lehrern  vertreten: 
fiehe  Allgemeine  Botaiiik,  Spezielle  Botanik,  Kleines  Praktikum 
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Einfuhrung  in  den  Obstbau,  Spezieller  Obstbau,  Seminar  fur 

Obstbau,  Einfuhrung  in  den  Gemusebau,  Spezieller  Gemuse- 

bau,  Seminar  fiir  Gemiisebau 
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Einfuhrung  in  die  Gartengestaltung,  Einfuhrung  in  die  Garten- 

kunst.  Seminar  fur  Gartenkunst 

Geschichte  der  Bau-  und  Gartenkunst  mit  Obungen  in  der  Bau- 

formenlehre,  Geschichte  der  Gartenkunst  des  18.  und  19.  Jahr- 

hunderts 
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M  hcrvorragende  Wisscnsdiaftler  und  bewahrte  Lehrer  bildeten  hier  ein  KoUek- 
iv,  das  eine  gediegene  Ausbildung  der  Diplomgartner  sicherte.  Es  wurde  im 
Laufe  der  Zeit  erweitert  und  teils  verandert.  Dodi  will  ich  diese  Veranderungen 
Iter  im  einzelnen  nicht  auffuhren. 

khon  im  ersten  Jahr  (1929)  meldeten  sich  20  Studierende  zum  Diplomgartner- 
:tudium. 

Die  Vorlesungen  fanden  -  wie  schon  erwahnt  -  teils  in  der  Invalidenstral^e  statt, 
cils  in  Dahlem,  Albrecht-Thaer-Wcg,  teils  in  Dahlem,  Konigin-Luise-Strafie, 
:eils  an  der  Technischen  Hochschule  in  Charlottenburg.  Trotzdem  diese  raumliche 
^ersplitterung  fur  die  Studenten  einen  grofien  Zeitverlust  bedeutete  und  verschie- 
ientlich  zu  Vorstellungen  Anlafi  gab,  blieb  dieser  Zustand  bis  zum  Kriegsende 
>estehen.  Fiir  die  Aufnahme  zum  Studium  wurde  anfangs  eine  3jahrige,  spater 
:in  2jahrige  Praxis  verlangt.  Sie  entsprach  einer  Lehrlingspraxis,  auf  die  die 
Cjartenbauprofessoren  ohne.Einflufi  blieben.  Bine  obstbauliche  Praxis  fehlte  meist 
/ollkommen  und  mit  einer  solchen  im  Feldgemiisebau  sah  es  kaum  anders  aus. 
3esondere  Klage  hatte  audi  die  Gartengestaitung  zu  fiihren,  fiir  die  eine  spezielle 
lui  das  Studium  vorbereitende  hinzielende  Praxis  in  der  Gartcnausfiihrung  meist 
/ollkommen  fehlte.  Auf  diese  Dinge  wurde  verschiedentlich  in  Wort  und  Schrift 
iingewiesen,  ohne  dafi  sich  indessen  diese  Verhaltnisse  merklich  geandert  hatten. 
Mach  der  2jahrigen  gartnerischen  Praxis  begann  das  6semestrige  Studium.  Es 
^liederte  sich  in  ein  solches  fiir  Gartner  und  fiir  Gartengestalter.  Fiir  letztere 
rrwiesen  sich  die  6  Semester  als  nicht  ausreichend,  so  dafi  seit  einiger  Zeit  das 
Studium  fiir  Gartengestalter  8  Semester  umfafit.  Das  Studium  fiir  Gartner  wurde 
1951  spezialisiert  in  ein  solches  im  Obst-  und  Gemiisebau  und  ein  solches  im 
^ierpflanzen-  und  Gemiisebau.  Diese  Differenzierung  fiihrte  zur  Entlastung  der 
>tudierenden  und  schaffte  Raum  fiir  eine  Ausgestaltung  des  Studiums.  Trotzdem 
^rwiesen  sich  auch  im  Gartenbau  die  6  Semester  als  reichlich  kurz,  wahrend  die 
Anforderungen  an  die  Diplomgartner  immer  grofier  wurden.  Das  Studium  sdilofi 
ib  mit  der  Diplomgartnerpriifung,  die  zur  Promotion  berechdgte. 

Die  abgehenden  Diplomgartner  wurden  in  Praxis,  Verwaltung,  Lehre  oder  Wis- 
»enschaft  trotz  aller  guten  Bemiihungen  der  Ausbilder  sehr  haufig  nicht  als  voll- 
Arerdg  genug  angesehen.  Die  Bemiihungen,  diese  Mangel  durch  eine  Referendar- 
eeit  zu  beheben,  bh'eben  gute  Wiinsche.  Diese  Mangel  waren  bei  unserem  diffe- 
renzierten,  vielseitigen  Gartenbau  noch  erheblicher  als  in  der  Ausbildung  der 
Diplomlandwirte,  und  sie  wurden  vielfach  diskutiert. 

1934  wurde  die  Landwirtschaftliche  Hochschule  als  Landwirtschaftliche  Fakultat, 
iie  spatere  Landwirtschaftlich-Gartnerische  Fakultat  der  Universitat  Berlin  ein- 
^egliedert. 

Bis  zum  Beginn  des  Httlerschen  Aggressionskrieges,  also  bis  1939,  waren  230 
Diplomgartner  ausgebildet  worden.  Somit  entfielen  durchschnittlich  pro  Jahr  26 
Diplomgartner,  die  ihre  Priifung  bestanden  hatten.  Hiervon  entfielen  im  Durch- 
^c^nitt  74  %  auf  den  Gartenbau  und  26  ?b  auf  die  Gartengestaitung.  Wahrend 
der  gleichen  Zeit  unterzogen  sich  22  Diplomgartner  der  Promotion,  d.  h.  es  ent- 
fielen fast  4  Promotionen  auf  ein  Jahr.  14  %  der  Diplomgartner  promovierten 
ilso.  Bis  zum  Kriegc  hielt  man  es  fiir  ausreichend,  wenn  alljahrlich  etwa  30  bis  40 
Diplomgartner  seitens  der  Landwirtschaftlich-Gartnerischen  Fakultat  ausgebildet 
A^urden.  Es  wurden  zwar  Gedanken  laut,  noch  an  einer  zweiten  Stelle  Deutsch- 
!ands  vielleidit  eine  gleiche  Einrichtung  zu  sdiaffeu,  doch  wurde  hiervon  immer 
^ieder  abgesehen,  well  die  Kapazitat  an  der  Berliner  Fakultat  noch  gar  nidit  aus- 
^elastet  war. 
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wiistet  und  teils  niedergebrannt,  und  audi  die  gartnerischen  Institute  in  Dahlem 
litten  recht  stark,  teils  durch  Luftangriffe,  teils  durch  die  Kampfe  in  Berlin.  2.  Ein 
andercr  noch  schwererer  Schaden  war  aber  der,  dafi  unverhaltnismafiig  vielc 
Diplomgartner  durch  den  Krieg  umkamen.  Mit  Ausbruch  des  Krieges  befanden 
sich  die  seit  1929  ausgebildeten  Diplomgartner  in  einem  Alter  von  meist  33  bis 
24  Jahren,  also  in  jenem  Alter,  in  dem  sie  damals  wehrpflichtig  waren.  Diese 
Altcrsgruppe  hat  aber  bekanntlich  besonders  groBe  Opfer  bringen  miissen.  So 
hatte  am  Ende  des  Hitlerschen  Aggressionskrieges  die  Gartenbauwissenschaft 
ihre  Hochschulinstitutc  in  einem  weitgehend  zerstorten  Zustand  vor  sich  und 
obendrein  fehlte  es  an  dem  fiir  den  Neuaufbau  so  dringend  benotigten  wissen- 
schaftlichen  Nachwuchs. 

Die  Vertreter  der  Sowjetunion  half  en  1945  beim  Neuaufbau  unserer  Humboldt- 
Universitat,  nachdem  die  amerikanischen  und  englischen  Besatzungsbehorden  diese 
Unterstiitzung  abgelehnt  hatten.  So  kam  audi  das  Studium  des  Gartenbaues  all- 
mahlich  wleder  in  Gang.  Der  Aufstieg  erfuhr  aber  noch  eine  empfindliche 
Storung,  namlich  durch  die  Spaltung  Deutschlands  allgemein  und  durch  die  Spal- 
tung  Berlins  insbesondere.  Der  westdeutsche  Gartenbau  schuf  noch  vor  der  Spal- 
tung zwei  Ausbildungsstatten,  namlich  in  Hannover  und  in  Weihenstephan.  Wir 
hatten  durdiaus  Verstandnis  hierfiir,  denn  bei  der  standigen  Aufwartsentwiddung 
des  Gartenbaues  war  schliefilich  Berlin  allein  fiir  die  Dauer  und  in  der  Perspek- 
tive  nidit  mehr  ausreichend,  um  den  geforderten  Nachwuchs  heranzubilden. 

Bedauerlich  und  fiir  die  Ausbildung  der  Diplomgartner  nicht  forderlich  ist  nur  die 
Tatsache,  dafi  durch  die  Spaltung  unseres  Vaterlandes  der  Erfahrungs-  und  Mei- 
nungsaustausdi  trotz  unserer  lebhaften  Bemiihungen  nicht  so  in  Gang  gekommen 
ist,  wie  es  wiinschenswert  und  notwendig  gewesen  ware.  Keinerlei  Verstandnis 
kann  jedoch  aufgebracht  werden  fiir  die  Entwicklung,  die  sich  aus  der  Spaltung 
Berlins  fiir  das  wissenschaftliche  Studium  des  Gartenbaues  ergab.  Als  West-Berlin 
sich  aus  dem  Gro6-Berliner  Stadtstaat  absonderte,  beschlagnahmte  der  neu  eta- 
blierte  Westmagistrat  widerrechtlich  die  in  Dahlem  gelegenen  Institute  unserer 
Fakultat.  Ich  erwahnte  schon,  dafi  die  Entwicklungsmoglichkeiten  fiir  die  gart- 
nerischen Universitatsinstitute  in  Dahlem  dank  der  unverstandlichen  Einstellung 
mafigeblicher  Person lidikeiten  gebremst  waren.  Es  hatte  sich  eigentlidi  nur  das 
Institut  fiir  Gartengestaltung  in  Dahlem,  Albrecht-Thaer-Weg  unter  E.  Barth  gut 
entwickeln  konnen.  Dies  Institut  wurde  unter  Wiebking  umbenannt  in  ,Jnstitut 
fiir  Garten-  und  Landschaftsgestaltung".  Der  Obstbau  verfiigte  lediglich  iiber 
einen  Barackenbau  und  ein  fiir  obstbauliche  Verhaltnisse  viel  zu  kleines,  ich 
mochte  sagen  winziges  Versuchsfeld.  Das  Institut  fiir  Zierpflanzenbau  lebte  prak- 
tisch  auf  dem  Substrat  der  Lehr-  und  Forschungsanstalt  fiir  Gartenbau  in  Dahlem 
und  hatte  nur  ein  kleines  universitatseigenes  Versuchsfeld  fur  Baumschulversuche. 
AUe  anderen  Zweige  des  Gartenbaues  (Gemiisebau,  gartnerische  Sonderkulturen, 
Obst-  und  Gcmiiseverwertung)  waren  universitatsseitig  gar  nicht  verankert,  d.  h. 
es  gab  weder  Institute  noch  Versuchsfelder  hierfiir. 

So  konnte  dieser  Verlust  dank  der  rasch  einsetzcnden  Hilfe  des  Staatssekretariats 
fiir  Hochschulwesen  und  des  Ministeriums  fiir  Land-  und  Forstwirtschaft  sowie  der 
Unterstiitzung  seitens  der  Deutschen  Akademie  der  Landwirtschaftswissensdiaften 
zu  Berlin  bald  iiberwunden  werden.  Wahrend  das  „Institut  fiir  Gartexlkanst  und 
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Landsdiaftsgestaltung",  das  jetzt  gemafi  den  ihm  gestellten  Aufgaben  .Jnstitut 
fiir  Garten-  und  Landeskultur"  heiBt,  Unterkunft  in  den  Raumen  der  Invaliden- 
strafie  fand  und  eine  Forschungsstelle  in  Berlin-Malchow  erhielt,  konnte  die  ehe- 
mals  Bollesdic  Gartnerei  in  Kopenick  fiir  Zwecke  des  Instituts  fiir  Zierpflanzen- 
bau  verwcndet  werden.  Der  Obstbau  wurde  provisorisch  im  Institut  fiir  Obstbau 
und  Obstziichtung  in  Marquardt  der  Deutschen  Akademie  der  Landwirtschafts- 
wissenschaftcn  zu  Berlin  untergebracht  und  der  Gemiisebau  im  Institut  fiir  Gar- 
tenbau  in  Grofibeeren  der  gleichen  Akademie.  Wahrend  dieser  Zeit  der  Spaltung 
war  es  das  besonderc  Verdienst  des  damaligen  Dekans,  des  Herrn  Prof.  Dr. 
Sennewald^  alie  drohenden  Schaden  und  Gefahrcn  fiir  unsere  Fakultat  in  kiir- 
zester  Frist  abgcwendet  zu  haben,  wahrend  in  der  anschlieiknden  Periode  sich  der 
nachfolgende  Dekan,  Herr  Prof.  Dr.  Dr.  h.  c.  Getrtets  mit  Energie  und  mit  Erfolg 
urn  die  bauliche  Erneuerung  der  Fakultat,  die  nodi  im  Gange  ist,  bemiiht  hat. 
Wenn  damit  audi  die  Arbeit  ohne  erheblidie  Beeintraditigung  bald  wieder  fortge- 
setzt  werden  konnte,  ist  dodi  dieser  Zustand  des  Zerstreutseins  der  gartnerisdien 
Institute  sowie  ihrer  Entfernung  von  den  Horsalen  in  der  Invalidenstrafie  fiir  die 
Dauer  ebenso  wenig  tragbar  wie  jener,  der  sidi  scit  1929  bis  zur  Spaltung  aus  deni 
Dualismus  der  Hodisdiulausbildung  an  der  Universitat  und  der  Fadisdiulausbil- 
dung  an  der  Lehr-  und  Forsdiungsanstalt  in  Dahlem  ergeben  hatte.  Immerhin  war 
nun  die  so  sdiadlidie  gemeinsame  Ausbildung  der  Fadisdiiiler  und  der  Hodi- 
sdiiiler  fortgefallen,  und  die  Lehrer  an  der  Landwirtsdiaftlidi-Gartnerisdien  Fa- 
kultat konnten  sidi  nun  allein  dem  akademisdien  Unterridit  und  ihrer  wissen- 
sdiaftlidien  Arbeit  widmen.  Immerhin  mufi  aber  der  zur  Zeit  bestehende  Zustand 
der  Dezentralisation  der  Institute  als  unerfreulidi  angesehen  werden. 
Die  Fadiriditungcn  Gartenbau  sowie  Garten-  und  Landsdiaftsgestaltung  werden 
einen  Vorsdilag  auszuarbeiten  haben,  der  die  soeben  sldzzierten  Mangel  be- 
heben  soil. 

Wenn  idi  versdiiedene  Mangel  in  der  Vorkriegsausbildung  der  Diplomgartner 
hier  andeuten  mul^te,  so  waren  wir  mit  dem  Fortsdireiten  unserer  Arbeit  darauf 
bedadit,  diese  erkannten  Mangel  abzustellen. 

Eine  Regierung  nun  -  wie  die  der  Deutsdien  Demokratisdien  Republik  -,  die  ge- 
stiitzt  ist  auf  die  Arbeiter-  und  Bauernmadit,  nimmt  soldie  kritisdien  Erorterungen 
nidit  nur  zur  Kenntnis,  sondern  bemiiht  sidi  um  eine  annehmbare  Losung.  Audi 
in  der  Sowjetunion  hatte  man  ahnlidie  Sdiwierigkeiten  und  hat  sie  auf  revolutio- 
nare  Weise  iiberwunden  (13).  Wir  haben  uns  bemiiht,  den  dort  besdirittenen  Weg 
zu  studieren  und  die  Nutzanwendung  fiir  die  deutsdien  Verhaltnisse  zu  Ziehen. 

Oas  Ergebnis  war  folgendes: 

Das  6  semestrige  gartenbaulidie  Studium  wurde  1953  iibergefiihrt  in  ein  Fiinf- 
jahrstudium.  Hierbei  ist  die  Praxis  in  das  Studium  eingebaut.  Die  Studenten  wer- 
den also  nadi  bestandenem  Abitur  unmittelbar  zum  Studium  zugelassen.  Das 
erste  Studienjahr  umfafit  die  naturwissensdiaftlidien  Grundfadier.  Es  sdiliefit  mit 
einer  Priifung  ab.  AnsdilieGend  beginnt  als  2.  Studienjahr  das  groBe  Praktikuni, 
das  ein  voiles  Jahr  umfa6t.  Hierzu  hat  unsere  Universitat  4  fortsdirittlidie  Aus- 
bildungsbetriebe  vertraglidi  gewonnen,  ein  weiterer  Betrieb  wird  folgen.  In  jedem 
Betrieb  ist  ein  Ausbilder  der  Universitat  eingesetzt,  der  im  Einvernehmen  mit  der 
jeweiligen  Betriebsleitung  die  Ausbildung  leitet.  Die  praktisdie  Arbeit  umfafit  den 
gesamten  Betriebsablauf,  der  griindlidi  praktisdi  erlernt  wird.  Der  Ausbilder  gibt 
die  notwendige  theoretisdie  Untermauerung.  Jede  Arbeitsstunde  wird  so  aufge- 
wendet  fiir  die  praktisdie  Arbeit  im  Dienste  des  Lernens.  Audi  korperlidi  anstren- 
gende  Arbeiten  sind  selbstverstandlidi  zu  lernen,  ebenso  wie  lastig  ersdieinende. 
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praktische  Ausbildung  ist  spezialisiert  auf  den  gemisditen  Zierpflanzenbetrieb  mit 
Intensivgemiisebau,  auf  den  Feld-  und  gartnerischen  Gemusebau  mit  einbe- 
zogenen  Zierpflanzenkulturen,  auf  den  Obstbau  sowie  auf  das  Baumschulwesen. 
Am  Schlusse  des  groikn  Praktikums  steht  eine  praktische  Prufung.  Fur  die 
Gartengestaltung  wird  ein  2.  praktisches  Jahr  angehangt,  und  zwar  in  einem 
Betriebe  fur  Gartenausfiihrungen.  Das  Studium  des  Gartenbaues  findet  nun  seine 
Fortsetzung  im  3.  Studienjahr,  in  dem  vorzugsweise  die  angewandten  Wissen- 
schaften  gelehrt  werden.  Wiederum  wird  eine  Prufung  abgenommen.  Das  4.  Stu- 
dienjahr  beinhaltet  das  wissenschaftliche  Fachstudium,  gewissermafien  als  Kro- 
nung  der  rein  wissenschaftlichen  und  angewandten  wissenschaftlidien  Facher.  Es 
giiedert  sich  in  die  Richtungen :  Obst-  und  Gemusebau  und  Zierpfianzen-  und 
Gemusebau.  Es  findet  durch  eine  nochmalige  Prufung  seinen  Abschlufi.  Nun  folgt 
das  letzte,  das  5.  Studienjahr.  Es  beginnt  mit  dem  9.  Semester,  das  durdi  ein 
zweites  Praktikum  eingenommen  wird.  Dies  ist  das  Betriebsleiterassistentenprakti- 
kum.  Nachdem  der  Studierende  im  2.  Jahre  des  Studiums  den  gartnerischen  Be- 
trieb  von  der  Seite  der  manuellen  Arbeit  kennengelernt  hat,  sieht  er  ihn 
nun  von  der  Stelle  des  Betriebsleiters  aus,  und  er  hat  ihm  uberall  zur  Hand  zu 
gehen.  Anbauplanung,  Betriebsplanung,  Einteilung  der  Brigaden,  Korrespondenz, 
Buchfuhrung  usw.,  kurzum  alles,  was  die  taglidie  Betriebsleiterarbeit  ausmacht 
und  was  er  in  den  Vorlesungen  und  Seminaren  gehort  hat,  findet  hier  seine 
praktische  Auswirkung. 

So  kehrt  der  Studierende  nun  zuriick  zum  10.  und  letzten  Semester,  dem  Semester 
der  Fortfiihrung  und  Verdefung  des  Fachstudiums.  Er  erhalt  am  Schlusse  des 
4.  Studienjahres  das  Thema  fiir  seine  Diplomarbeit  und  lernt  unter  Anleitung 
seiner  Lehrer  die  Arbeit  anzufertigen,  d.  h.  die  Literatur  zu  studieren  und  aus- 
zuwerten,  eventucll  kleinere  Experimente  durchzufiihren  usw.  Ferner  erfahrt 
sein  Wissen  durch  spezialisierte  Vorlesungen  und  Ubungen  eine  Vertiefung  und 
Biereicherung.  Die  sdiriftliche  Diplomarbeit  und  die  Diplompriifung  beenden  das 
Universitatsstudium. 

Den  mannigfaltigen  praktisdien  Aufgaben  des  Lebens  kann  der  junge  Diplom- 
gartner  aber  noch  nicht  gewachsen  sein.  Wohl  hat  er  vielerlei  Kenntnisse  auf- 
genommen  und  hat  eine  Vorstellung  von  der  Mdglichkeit  der  praktischen  Anwen- 
dung,  allein  es  fehlt  noch  die  Ubung.  So  folgt  nun  nach  dem  Diplomexamen  eine 
zweijahrige  Betriebsassistentenzeit  in  fortschrittlichen  ^ifaktischen  Betrieben.  Nach 
dem  Abschluft  dieser  Assistentenzeit  erscheint  er  fur  alle  Aufgaben  geniigend  vor- 
bereitet  und  findet  dort  eine  Anstellung,  wo  er  seine  besonderen  Neigungen  ver- 
spiirt.  Dieser  Aufgabe  der  Vermittlung  einer  geeigneten  Arbeitsstelle  unterzieht 
sich  die  Berufslenkungskommission.  Dieser  so  abgesdilossene  Ausbildungslehrgang 
soil  fiir  alle  Diplomgartner  verbindlidi  werden,  auch  fiir  solche,  die  sich  der  Wis- 
senschaft  zuwenden  woUen. 

Zweifellos  wird  hierdurch  ein  engeres  Zusammenwirken  zwischen  Wissenschaft 
und  Praxis  erreicht.  Fraglos  wird  durch  diesen  neuen  Weg  der  Wissenschaftler 
mit  noch  grofSerem  Verstandnis  der  Praxis  gegeniiberstehen  als  bislang. 

Man  hdrt  noch  oft  die  Auffassung,  dafS  das  neue  Fiinfjahrstudium  zu  sehr  von  der 
Praxis  entfernt  wiirde.  Das  ist  eine  oberflachliche  und  falsche  Beurteiiung.  Richtig 
ist  vielmehr,  dafi  an  Stelle  einer  zweijahrigen  ungeregelten  Lehrzeit  nunmehr 
3  %  Jahre  kontrollierte  Praxis  treten,  bis  der  Diplomgartner  sein  Ziel  errddit  hat, 
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fjahrstudium  ist  im  Flufi.  Wir  Lchrer  werden  dariiber  wachen  und  uns 

luhen,  dafi  ein  besserer  Erfolg  erzielt  wird,  als  er  bislang  bei  dem 

n  Studium  festgestellt  werden  konnte. 

Vie  mir,  da6  ich  noch  eine  Obersicht  gebe  iibcr  die  Lehrer,  die  in  dem 

ifenden  Dreijahrstudium  wirken  und  welche  Facher  den  Studierenden 

Tden. 


Fach 


Fachrichtung 
Gartenbau      Garten- 
gestaituns 


n  j  a  h  r 


er 


Grundlagen  des  Marxismus-Leninismus 

Physik 

Chemie,  Cheoiische  Obungen 

Botanik 

Bodenkunde,  Obungen  zur  Boden- 

kunde 

Feldmessen   und  Nivellieren  einsdil. 

Obungen 

Mathematik 

Allgemeine  Zoologie  fur  Gartner 

Meteorologie 

Gartentechnik 

Rcchtskunde 

Russische  Spradie 

Korpererziehung 

Einfiihrung  in  dieLandwirtsdiaftslehre 

Einfuhrung  in  die  Garten-  und  Land- 

sdiaftsgestaltung 


rn  j  a h  r 


Grundlagen  der  politischen  Okonomie 
Grundlagen  des  Marxismus-Leninismus 
Pflanzenernahrungs-  und  Dungerlehre, 
Obungen  dazu,  Bodenklassifikation 
und  -schatzung 

Erdartenkunde  einsdil.  Obungen 
Gerate-  und  Masdiinenkunde  f.  Gart- 
ner. Gewachshausbau  und  Heizungs- 
lehre 

Pflanzenschutz  fiir  Gartner 
Pflanzenbestimmung  und  Samenkunde 
fur  Gartner 
Kulturtechnik 

Grundlagen  des  Obstbaues 
Grundlagen  des  Gemiisebaues 
Grundlagen  des  Zierpflanzenbaues 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-h 

+ 

+ 

+ 

_1_ 

1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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4- 


+ 
+ 


+ 
+ 

+ 
+ 
+ 
+ 
+ 


+ 
4- 


4- 
+ 


+ 
4- 

+ 
4 


Vft 


Gartenbau 

Gartcn- 
gestaltung 

NN 

Allg.  Pflanzenziiditung  mit  Obungen 

+ 

Baumann 

Agrobiologisches  Kolloquium 

+ 

+ 

Gerriets 

Kleintierzudit  und  -haltung  mlt 

Kolloquium 

+ 

Bickericb 

Gartnerische  Freilandpflanzen 

+ 

Zielke 

Russische  Sprache 

+ 

+ 

Laabs 

Korpererziehung 

+ 

+ 

NN 

Forstwirtschaft 

+ 

Herold 

Schadlingskunde 

+ 

Gordienko 

Bodenkunde   unter    Beriicksichtigung 

der  Vcrhaltoisse  in  der  SU 

+ 

Atanasiu 

Methoden  und  Bestimmung  des  Nahr- 

stoffbedarfes  des  Bodens 

-f 

Schmidt 

Einfuhrung  in  den  Obstbau  f.  Garten- 

gestalter 

-t- 

Geissler 

Einfuhrung  in   den   Gemusebau    fur 

Gartengestalter 

•f 

Rupprecbt 

Einfuhrung  in  den  Zierpflanzenbau 

fur  Gartengestalter 

4- 

Luttger 

Angewandtes  Freihandzeidinen  und 

Malen 

+ 

Riemann 

Stadtebau  und  Dorfplanung 

-f- 

Luttger 

Konstruktionszeichnen  und  perspek- 
tivische  Konstruktion  und  Darstel- 

lung,  Planzeichnen 

H- 

3.  Studien.j 

ahr 

Haase 

Grundiagen  der  politischen  Okonomie 

+ 

+ 

Schmidt 

Obstbau  mit  Obungen 

+ 

Reinhold 

Gemusebau  mit  Obungen, 

Gartnerische  Okonomik 

+ 

+ 

Ritter 

Agrarokonomik  fur  Landwirte  und 

Gartner  mit  Obungen 

+ 

+ 

Munch 

Theoretische  Grundiagen  der  Agrarpolitik  + 

+ 

Geissler 

Versuchswesen  im  Gartenbau  • 

+ 

+ 

Baumann 

Agrobiologisches  Kolloquium 

+ 

+ 

Donath 

Obst-  und  Gemuseverwertung 

+ 

NN 

Russische  Sprache 

+ 

+ 

Skibbe 

Agrargeographie,  Organisation  der 

Agrarwirtschaft 

+ 

+ 

Rupprecbt 

Zierpflanzenbau  mit  Obungen 

+ 

Bortnowsky 

Gartnerische  Dekoration 

+ 

3.  u.  4.  Studienjaht     Garten-  und  Landschaftsgestaltung 

Pniower  Garten-  und  Landeskultur  mit  Seminar 

Baumann  Agrobiologisches  Kolloquium 
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^Iame 

Fach 

Fachrichtung 
Gartenbau      Garten- 
gestaltung 

erboff 

Bienenkunde 

ericb 

Freilandpflanzenkundc  und  ange- 
waadte  Pflanzensoziologie 

tb 

Gesdiichte  der  Gartenkunst, 
Geschichte  der  Baukunst 

nann 

Hodibau  und  landliches  Bauwesen, 
Stadtebau  und  Dorfplanung 

er 

Agrarokonomik  mit  Obungen 

icb 

Prinzipien  der  Agrarproduktion  im 

Sozialismus 

Waldbau  und  Waldwirtschaft 

nowsky 

Russische  Sprache 

Berliner  Westpresse  fuhlte  sich  einmal  berechtigt,  eine  unzureidiende  Besct- 
g  unsercr  Fakultat  glauben  machen  zu  diirfen.  Wir  glauben  demgegeniibcr- 
stellen  zu  diirfen,  dafi  wohl  kaum  irgendwo  in  Deutschland  eine  bessere  wis- 
Kdiaftlidie  Ausbildung  der  Gartner  gewahrleistet  sein  durfte  als  an  der  Berliner 
ultat.  Die  vorstehende  Liste  moge  dem  objektiven  Leser  zu  einem  eigenen 
Lil  verhelfen.  Zur  Zeit  sind  an  der  Diplomgartnerausbildung  beteiligt 

15  Professoren  mit  Lehrstuhl 

2  Professoren  mit  vollem  Lehrauftrag 

2  Professoren  mit  Lehrauftrag 

2  Dozenten 

1  mit  der  Wahrnehmung  einer  Dozentur  Beauftragter 
17  Lehrbeauftragte 

39  Lehrer  zusammen. 

:  Zahl  der  Lehrer  hatte  sich  gegeniiber  1929  um  22%  vermehrt.  Die  Zahl  der 
itute,  in  denen  eine  wissensdiaftliche  Betreuung  des  Gartenbaues  erfolgt, 
luft  sidi  auf  insgesamt  20  an  unserer  Fakultat 

der  Aufgabenstellung  fiir  den  Diplomgartner  hat  sidi  in  der  letzten  Zeit  ein 
eblidier  Wandel  vollzogen.  Dies  kommt  schon  in  wenigen  Zahlen  deutlich 
a  Ausdruck.  Fiir  Gesamtdeutschland  konnte  man  mit  einem  Bedarf  von  jahrlich 
rsL  40  Diplomgartnem  rechnen.  Fiir  das  wesentlich  kleinere  Gebiet  der  Deut- 
en  Demokratischen  Republik  dagegen  haben  wir  ein  jahrliches  Kontingent  von 
I  bis  120  Zulassungen  zum  Studium  des  Gartenbaues.  Unter  Beachtung  des  Ver- 
tnisses  der  Bevolkerungszahl  entspricht  das  einer  Steigerung  des  Diplomgartner- 
larfs  in  der  Deutschen  Demokratischen  Republik  auf  das  10-  bis  12fache.  Hier- 
ist  noch  zu  beach  ten,  dafi  jeder  Universitatsabsolvent  Anspruch  auf  eine  seiner 
sbildung  gemafie  Arbeit  und  Bezahlung  hat,  die  ihm  von  der  Berufslenkungs- 
nmission  gemafi  seinen  Wiinschen  vermittelt  wird.  Diese  grofieZahl  von  Diplom- 
tnern  kann  natiirlich  nur  eine  der  Hochschulausbildung  gemafie  Betatigung 
den,  wenn  ganz  neue  Aufgaben  gestellt  werden.  Die  grofite  dieser  neuen  Auf- 
>en  beruht  nun  darin,  unsere  volkseigenen  Gartenbaubetriebe  bei  ihrer  Produk- 
1  zu  unterstiitzen,  ferner  die  Landwirtschaftlidien  Produktionsgenossensdiaftea 
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Wissenschaft  und  Praxis  zu  verengen,  die  Wissenschaft  in  die  Praxis  hinein- 
zutragen,  die  Praxis  nach  wissenschaftlichen  Gesichtspunkten  zu  betreiben. 
Das  ist  ohne  die  akdve  Hilfe  wissenschaftlich  ausgebildeter  Kader  aber  nicht 
erreichbar.  Das  Ziel  ist,  weitere  Ertragssteigerungen  zu  erzielen,  die  Quali- 
tat  der  Erzeugnisse  zu  verbessern,  das  Angebot  vielseitiger  zu  gestalten,  zu- 
gleich  aber  audi  vor  allem  die  Arbeitsproduktivitat  zu  erhohen  und  die  Arbeits- 
vorgange  zu  erleichtem.  In  der  Industrie  halt  man  es  fur  selbstverstandlidi,  da6 
Wissensdiaftler  lenkend  in  der  Produkdon  tatig  sind;  im  Gartenbau  hat  man 
diesen  Grundsatz  noch  nicht  verwirklicht  Hieraus  resultiert  dann  audi  der  Ab- 
stand,  der  sidi  zwisdien  Praxis  und  Wissensdiaft  auttut;  hieraus  resultiert  femer 
aber  audi  ganz  besonders  das  auffallende  Zurudcbleiben  des  Gartenbaues  hinter 
der  Industrie.  Fiir  diese  hohe  Aufgabe,  namlidi  eine  neue,  fortsdirittlidie  Praxis 
aufzubauen,  gilt  es,  die  Studierenden  zu  gewinnen,  ihre  innere  Bereitsdiaft  zu 
wedcen.  Das  Streben  der  Mchrzahl  der  jungen  Diplomgartner  zur  wissensdiaft- 
lidien  Arbeit  in  Forsdiungsinsdtuten  ist  unhaltbar,  aber  gewedct  worden  durdi 
eine  falsdie  Erziehung  in  der  wissensdiaftlidien  Ausbilduog.  Nur  ein  geringer 
Prozentsatz  der  Besten  kann  fiir  die  kunfdge  wissensdiafdidie  Arbeit  vorbereitet 
und  gewonnen  werden.  Unsere  Erziehungsarbeit  wird  den  gekennzeidineten  neuen 
Aufgaben  geredit  werden  mussen.  Es  bedeutet  nicht  ein  Abweidien  von  einem 
hohen  wissensdiafdidien  Stande,  oder  gar  eine  Verfladiung;  ganz  im  Gegenteii 
bedeutet  dies  neue  Streben,  die  Gartenbauwissensdiaft  zu  intensivieren  und  zu 
verdefen  sowie  ihre  Aufgaben  klarer  zu  umreifien,  und  vor  allem  ihren  Wir- 
kungsbereidi  zu  verbrcitern.  Ahnlich  ergeben  sidi  entsprechend  grofie  Aufgaben 
fiir  die  Arbeit  der  Diplomgartner  in  der  Verwaltung,  in  der  Lehre  besonders  an 
Fachschulen,  bei  vielfaltigen  Sonderaufgaben  und  in  der  Wissenschaft.  Alles  zu- 
sammengenommen  begriindet  einen  entsprechend  grofien  Mitarbeiterkreis. 
Fiir  die  Ausbildung  zum  Wissensdiaftler  ist  die  Aspirantur  gesdiaffen,  und  zwar 
in  2  Stufen,  niimlich  der  Doktoraspirantur  und  der  Habilitaddnsaspirantur.  Diese 
Einrichtung  ist  fiir  diejenigen  gedadit,  die  fiir  den  Beruf  des  Wissenschaftlers  in 
Betradit  kommen.  (Professoren,  Institutsdirektoren,  Abteilungsleiter  in  wissen- 
sdiafdidien Instituten.)  Ein  eingehender  allgemeiner  Ausbildungsplan  ist  vom 
Staatssekretariat  fiir  Hodischulwesen  fiir  die  Aspirantur  erlassen  worden.  Die 
Aspirantur  kann  eine  hauptamtlidie  sein,  oder  neben  einer  Assistententadgkeit 
oder  dergleichen  durdigefiihrt  werden.  Allgemein  diirfte  sidi  wohl  nur  die  erstere 
Form  bewahrt  haben,  die  allein  fiir  die  Zukunft  in  Betradit  zu  Ziehen  sein  soilte. 

Aus  alledem  moge  ersichtlidi  sein,  in  wie  grofiem  AusmaCe  unsere  Regierung 
der  Arbeitcr  und  Bauern  die  Wissensdiaft  fordert  und  weldie  grofie  Bedeutung 
sie  der  Wissenschaft  bei  der  Hoherentwicklung  unseres  Lebens  beimifit.  Der 
Stellvertreter  des  Ministerprasidenten,  Walter  Ulbricbt,  wies  darauf  hin,  dafi  im 
Haushaltsplan  unserer  Regierung  506  Mill.  DM  fiir  die  Fordening  der  Wissen- 
schaft vorgesehen  sind.  Ganz  besonders  moge  das  noch  durdi  folgende  Tatsadie 
beleuditet  werden: 

An  unserer  Fachrichtung  beziehen  z.  Z.  rund  90  %  aller  Studierenden  Sdpen- 
dien.  Im  Mittel  betragt  der  monadidie  Stipendiensatz  fiir  die  genannten  Studie- 
renden rund  195  DM.  Die  Hohe  dieses  Geldbetrages  ist  vomehmlidi  abhangig 
von  der  Leistung  des  betreffenden  Studierenden,  die  in  dem  alljahrlichen  Prii- 
fungsergebnis  ihren  Ausdruck  findet.  Jedem  begabten  jungen  Menschen  ist  es  also 
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moglich,  unabhangig  von  der  wirtschaftlichen  Lage  der  Eltern,  zu  stqdieren  und 
je  nach  I^istung  und  Neigung  die  hochsten  Stellen  zu  bekleiden,  um  so  grolSe 
Leistungen  zum  Nutzen  des  ganzen  Volkes  zu  vollbringen.  So  wachst  audi 
im  Gartenbau  eine  Intelligenz  heran,  die  sich  aus  alien  Schichten  der  Bevolkerung 
zusammensetzt,  vornehmlich  erklarlicherweise  aus  der  Mehrheit  unserer  Bevol- 
kerung, namlich  den  Arbeitern,  Bauern  und  Gartnern,  eine  Intelligenz,  die  allein 
nach  dem  Leistungsprinzip  gewachsen  sein  wird.  Neben  dem  ordentlichen  Studium 
ist  in  unserer  Republik  fiir  die  meisten  Gebiete,  z.  B.  audi  fiir  die  Landwirtsdia£t 
nodi  das  Fernstudium  eingeriditet  Es  ist  fiir  soldie  Kollegen  in  der  Praxis,  Ver- 
waltung  und  Wisscnsdiaft  gedadit,  die  keine  Hodisdiulausbildung  genossen  haben, 
aber  dodi  eine  entsprediende  Funktion  ausiiben.  Sie  haben  die  Gelegenheit,  das 
Fehlende  uber  ein  Fernstudium  (in  der  Landwirtsdiaft  5jahrig)  nadizuholen. 
Die  Nadifrage  war  bisher  im  Gartenbau  verhaltnismafiig  gering,  so  dafi  bisher 
kein  Fernstudium  fiir  den  Gartenbau  eingeriditet  wurde.  Da  die  Erarbeitung  der 
Lehrbriefe  viel  Kosten  und  Miihe  verursadit,  wurde  bisher  von  der  Einriditung 
eines  Fernstudiums  im  Gartenbau  abgesehen.  Es  sei  nodi  darauf  hingewiesen, 
da6  besonders  begabte,  wissensdiaftlidi  anerkannte  Fadileute  die  Gelegenheit 
haben,  sidi  ohne  Hodisdiulstudium  als  Externe  zum  Diplomexamen  zu  melden. 
Das  Examen  wird  nadi  den  iiblidien,  audi  sonst  geltenden  Bestimmungen  durdi- 
gefiihrt,  so  dafi  die  Kenntnisse  eines  Diplomgartners  nachgewiesen  werden  mussen. 
Wir  haben  begonnen,  diese  Moglidikeit  audi  fiir  Gartner  auszuwerten. 

Aus  der  Entwiddung  des  Gartenbaustudiums  erkennen  wir,  dafi  wir  uns  heute 
in  einem  Stadium  befinden,  in  dem  wir  um  neue  Formen  ringen  mit  dem  Ziel,  die 
Ausbildung  zu  verbessern,  den  Gartenbau  auf  eine  hohere  Stufe  der  Entwiddung 
heben  zu  helfen  und  die  Wissensdiaft  zu  intensivieren,  sie  in  den  Dienst  des 
Volkes  zu  stellen.  Es  ware  undialektisdi,  annehmen  zu  woUen,  dafi  die  besdirit- 
tenen  Wege  nidit  nodi  verbesserungsfahig  waren.  Es  stehen  nodi  viele  Wiinsdie 
ofTen,  und  wir  haben  die  Zuversidit,  dafi  die  nodi  nidit  gelosten  Probleme  Sdiritt 
fur  Sdiritt  gemeistert  werden. 

Auf  dem  Wege  zum  Sozialismus  und  im  Sozialismus  gilt  das  Leistungsprinzip. 
Jeder  soil  nadi  seiner  Leistung  bewertet  werden.  Nidits  anderes  erstreben  wit 
audi  fiir  den  Gartenbau.  Er  soil  seine  Funktionen  in  unserer  Gesellsdiaft  in 
immer  besserer  Weise  erfiillen.  Die  Bevolkerung  hat  ein  Anredit  darauf,  aus- 
reidiend  mit  dem  diatetisdi  so  wertvoUen  Gemiise  und  Obst  sowie  deren  Ver- 
-wertungsprodukten  versorgt  zu  werden;  die  Bevolkerung  will  ihre  kulturellen 
Bedurfnisse  befriedigt  sehen.  Dazu  gehort  die  Versorgung  mit  Blumen  fiir  Haus, 
Balkon  und  Garten,  fiir  den  Arbeitsplatz  und  die  Kulturraume,  dazu  gehoren  die 
der  Gesundheit  dienenden  Griinanlagen  der  Stadte.  Aljen  dient  sdiliefilidi  die 
Gesunderhaltung  der  Landsdiaft,  der  sidi  die  Garten-  und  Landsdiaftsardiitekten 
annehmen.  Diese  Funktionen  des  Gartenbaues  miissen  in  Einklang  stehen  mit 
all  den  vielen  besonderen  Aufgaben,  die  unserer  Wirtsdiaft  gestellt  sind. 

Lange  war  es  der  Traum  der  Gartner  und  der  Wissensdiaftler,  den  Gartenbau 
eingesdiatzt  zu  wissen  nadi  seiner  Leistung  fiir  die  Gesellsdiaft.  Heute  ist  der 
Kampf  hierum  erfolgreidi  geworden,  wird  der  Wunsdi  Wirklidikeit.  Es  ist  das 
aber  nidit  vornehmlidi  durdi  den  Kampf  fortsdirittlidier  Gartner  erreidit,  sondern 
es  ist  dies  ein  Erfolg  derjenigen  Mensdien,  die  der  Arbeiterklasse  zum  Siege  ver- 
holfen  haben,  so  dafi  sie  sidi  an  die  Spitze  unserer  Gesellsdiaft  setzen  konnte. 

Diese  Tatsadie  gibt  uns  die  unbeirrbare  Zuversidit,  dafi  audi  die  Ausbildung  der 
vk^issensdiaftlidien   Kader  im  Gartenbau  am  Anfang  einer  grofien  Entwidilud^ 
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wir  in  emem  einigen,  tneaiiebenden  UeutscWand  noch  viel  groberc  Moglichkeitefl 
finden  werden  fiir  eine  wahrhaft  wissenschafdiche  Arbeit  im  Dienste  des  Auf- 
baues  eines  modernen,  wissensdiaftlich  betriebenen  Gartenbaues. 
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lYienriannge  DeoDacoiungen 
uber  den  Bliihbeginn  von  Apfelsorten 

Martin  Schmidt 

Aus  dem  Institut  fiir  Obstbau  der  Humboldt-Universitat  zu  Berlin 


I.  Einleitung 

Langjahrige  Beobaditungen  iiber  die  Bliihzeit  von  Obstsorten  sind  nidit  nur  von 
lUgemeinem  biologischem  und  phaenologischem  Interesse,  sondern  haben  audi  Be- 
deutung  fur  die  Praxis  des  Obstbaues.  Die  Kenntnis  der  im  langjahrigen  Mittel 
^rredineten  Bluhzeit  einer  Obstsorte  unter  den  gegebenen  Standortverhalt- 
lissen  ist  von  Wert  fur  die  Anbauplanung,  insbesondere  unter  Berucksichtigung 
Jer  Auswahl  geeigneter  Pollenspender  und  der  ortlichen  Lage.  Die  Bedeutung 
der  Spatbluher  fiir  den  Anbau  an  frostgefahrdeten  Standorten  ist  bekannt  (vgl. 
Schmidt  1^40  b).  Weiterhin  verdient  die  Bluhzeit  der  Kernobstsorten  Beacfatung 
iinsichtlidi  der  Vorbliitespritzungen  und  der  Prognose  des  Spritztermins  sowie 
der  Spatfrostwarnung. 

^llgemein  bekannt  ist,  dafi  Beginn  und  Dauer  der  Bluhzeit  bei  den  Obst- 
^eholzen  weitgehend  von  der  Witterung  beeinflufit  werden  und 
daher  am  gleichen  Standort  in  den  einzelnen  Jahren  sehr  unterschiedlich  sein 
konnen.  Ferner  bestehen  erhebliche  Untersdiiede  im  Bliihtermin  je  nach  dem 
^llgemeinklima  des  Standorts.  In  Deutschland  kann  der  Bliihbeginn  urn  etwa 
3  Wochen  differieren  (z.  B.  Bergs trafie  gegeniiber  Ostdeutsdiland). 

Beim  Apfel  wissen  wir  aus  der  Erfahrung  und  aus  genaueren  Beobaditungen,  dafi 
die  einzelnen  Sorten  -  im  gleidien  Jahr  und  am  gleidien  Standort  -  einen  ver- 
sdiiedenen  Bliihbeginn  aufweisen.  Man  kennt  extreme  Friih-  und  Spatbliiher  und 
dazwisdien  alle  Ubergange.  In  mandien  Jahren  konnen  sidi  die  Bliihbeginntermine 
der  einzelnen  Sorten  auf  einen  Zeitraum  von  etwa  3  Wodien  verteilen. 

Da  sidi  die  Umwelteinwirkungen,  die  den  Bliihbeginn  beeinflussen,  jeweils  in 
gleidier  Riditung  und  Intensitat  verandern,  bleibt  der  Untersdiied  in  der  Bliihzeit 
bestimmter  Sorten  am  gleidien  Standort  ungefahr  gleidi.  Diescr  Untersdiied  wird 
von  Kobel  (1931)  als  relative  Bliihzeit  bezeidinet.  Er  ist  ein  sorten- 
typisdies,  also  genotypisdi  fixiertes  Merkmal.  Dies  haben  meine  Untersudiungen 
an  Apfelsamlingen  {Schmidt  1947)  eindeutig  erwiesen. 

Bereits  in  der  alteren  Literatur  wird  uber  z.  T.  mehrjahrige  Beobaditungen 
beriditet,  deren  Ziel  die  Feststellung  der  relativen  Bliihzeit  von  Apfelsorten  war, 
wobei  audi  versdiiedene  Anbauortc  beriidesiditigt  wurden.  Kobel  (1931)  beriditet 
iiber  diese  Versudie.  In  der  spateren  Zeit  hat  Brown  (1940)  in  Merton  (England) 
Beobaditungen  iiber  die  Bliihzeit  von  Apfelsorten  in  den  Jahren  1937-1939  an- 
gestellt.  Im  allgemeinen  besteht  nadi  den  Untersudiungen  der  friiheren  Autoren 
eine  einigcrmafien  gute  Ubereinstimmung  der  relativen  Bliihzeiten  bei  den  in 
versdiiedenen  Jahren  und  an  versdiiedenen  Orten  gepriiften  Apfelsorten.  Kobel 
(1931)  gibt  fiir  die  Bliihzeit  einer  grofien  Zahl  von  Apfelsorten  eine  Zusammen- 
stellung,  der  eigene,  von  anderen  Autoren  und  in  der  Praxis  gemadite  Erfahrun- 
gen  zugrunde  liegen. 


zeit  an  einem  umfangreichen  Apfelsortiment  berichtet.  Die  Beobachtungen  er- 
strecken  sich  auf  die  Jahre  1935-1941  und  wurden  am  Erwin-Baur-Institut  in 
Miincheberg  durdigefiihrt.  Es  war  urspninglich  beabsichdgt,  die  Beobacbtungs- 
dauer  auf  10  Jahre  auszudehnen,  jedodi  verhinderten  der  Mangel  an  Arbeits- 
kraften  wahrend  der  Kriegszeit  und  andere  Umstande  die  Ausfuhrung  dieses 
Vorhabens. 

Aufier  dem  Bliihbeginn  wurden  audi  Vollbliite  und  Ende  der  Bluhzeit,  damit 
also  audi  die  Bluhdauer  der  einzelnen  Sorten  ermittelt.  Audi  die  Bluhdauer 
ist  ein  wirtsdiafdidi  wididges  Merkmal.  Wegen  der  wahrend  der  Bluhzeit  viel- 
fadi  ungiinstigen  Witterung  ist  zwedu  Sidierung  der  Befruditung  eine  langere 
und  keine  zu  kurze  Bluhdauer  erwunsdit.  Wic  idi  nadiweisen  konnte  (Schmidt 
1947),  ist  audi  die  Bluhdauer  der  Apfelsorten  ein  genotypisdi  fixiertes  Merkmal. 
Mehr  nodi  als  der  Bliihbeginn  ist  die  Bluhdauer  von  Witterungseinflussen  be- 
stimmt.  Es  gibt  Jahre,  in  denen  die  Zeitspanne  zwisdien  Beginn  und  Ende  der 
Blute  verhaltnismafiig  lang  ist,  gegenuber  anderen,  in  denen  der  Bliihverlauf  sehr 
rasdi  vor  sidi  geht.  Ober  ahnlidie  Erfahrungen  bei  Prunus  cerasifera  (vgl.  Schmidt 
1940  a)  und  Siifikirsdien  (vgl.  Schmidt  1953)  habe  idi  f ruber  beriditet.  Da  die 
einzelnen  Apfelsorten  unseres  Beobaditungssortiments  uberwiegend  grofie  jahre- 
weise  Untersdilede  in  der  Bluhdauer  aufwiesen,  soil  die  Untersudiung  der  Frage 
nadi  den  Beziehungen  zwisdien  Bliihbeginn,  Bliihdauer  und  Witterung  nidit  im 
Rahmen  dieser  Arbeit  behandelt  werden,  sondem  einer  spateren  Bearbeitung 
vorbehalten  bleiben. 

II.  Material  und  allgemeine  Methodik 

Die  Baume,  an  denen  unsere  Beobaditungen  angestellt  wurden,  standen  bzw. 
stehen  in  zwei  etwa  500  m  voneinander  getrennt  liegenden  Quartieren.  Bei  dem 
iiberwiegenden  Teil  der  Sorten  handelt  es  sidi  um  Biisdie  (alten  Stils);  nur  wenlge 
Sorten  sind  als  Hodistamm  auf  Samling  angepflanzt  Die  Busdie  stehen  auf  nidit 
klonediten  Doncin-Untcrlagen.  Zur  Zeit  der  Anzudit  der  Baume  (1928  bzw.  1930) 
war  es  dem  Institut  offenbar  nodi  nidit  moglidi,  Klonunterlagen  zu  erhalten.  In 
den  Beobaditungsjahren  1935-1941  bcfanden  sidi  die  Baume  im  Alter  des  an- 
steigenden  Ertrags. 

Von  den  beobaditeten  Sorten  standen  tiberwiegend  2  oder  3  Baume  zur  Ver- 
fiigung,  von  mandien  Sorten  4-6,  von  einigen  nur  einer.  Da  die  Miindieberger 
Sortimente  in  erster  Linie  befruditungsbiologischen  und  Kreuzungsversudien  die- 
nen,  wurde  bei  der  Anlage  der  Quartiere  mehr  Wert  auf  eine  grofie  Zahl  von 
Sorten  als  auf  grofie  Baumzahlen  je  Sorte  gelegt.  Die  Anpflanzung  einer  groGeren 
Zahl  von  Baumen  aller  damals  333  Sorten  war  audi  aus  finanziellen  Grunden 
nidit  moglidi.  Einige  Sorten  sind  in  beiden  Quartieren  vertreten.  Da  sidi  hier 
keine  sdiwerwiegenden  Untersdiiede  im  phaenologisdien  Verhalten  ergeben 
haben,  wurde  auf  eine  getrennte  Aufstellung  fiir  beide  Quartiere  in  diesen  Fallen 
sowie  iiberhaupt  verziditet. 

Die  beobaditeten  Sorten  wurden  sorgfaltig  auf  ihre  Sortenreinheit  gepriift;  alle 
unsidieren  oder  falsdien  „Sorten"  sdiieden  fur  die  Beobaditung  und  deren  Aus- 
wertung  aus.  Weiterhin  wurden  alle  Sorten  ausgesdilossen,  die  nidit  in  mindestens 
3  Beobaditungsjahren  gebliiht  haben.  So  verblieben  fiir  die  Auswertung  272 
Sorten. 

Vielfadi  wiesen  die  Baume  ein  und  derselben  Sorte  im  gleidien  Jahr  elnen  ver- 
sdiiedenen  Bliihbeginn  auf.  Audi  wenn  der  Untersdiied  -  in  wenigen  Fallen  - 
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der  friiheste  Termin  des  Bluhbeginns  Giiltigkeit  erhielt.  Ich  ging  dabei  von  der 
Annahme  aus,  dafi  dieser  Termin  die  Biiihpotenz  der  Sorte  am  besten  zum  Aus- 
druck  bringt  und  eine  Verzogerung  des  Bluhbeginns  haufiger  auf  umweltbedingte 
oder  pathologische  Storungen  zuruckzufiihren  ist  als  ein  zu  friiher  Bliihbeginn. 

IIL  Der  Bluhbeginn  in  den  Beobachtungsjahren 

Bevor  auf  die  relative  Bliihzeit  der  von  uns  untersuchten  Sorten  eingegangen 
wird,  sollen  einige  allgemeine  Ausfiihrungen  iiber  den  Bliihbeginn  gemacht  wer- 
den,  die  sich  auf  die  jahreweisen  Unterschiede  im  Verhalten  der  Sorten  und  im 
Gesamtbluhbeginn  des  Sortiments  in  den  einzelnen  Jahren  beziehen. 
Schon  cin  Blick  auf  Tab.  1,  in  der  die  prozentuale  Verteilung  der  Sorten  auf  die 
Bluhbeginntermine  in  den  einzelnen  Beobachtungsjahren  datummafiig  festgehalten 
ist,  zeigt  die  grofien  jahreweisen  Unterschiede  der  Zeitspanne,  die  vom  Bliihbeginn 
der  fnihest  bis  zum  Bliihbeginn  der  spatest  bliihenden  Sorte  reicht.  Sie  veranschau- 
licht  ferner,  dafi  der  Bliihbeginn  der  fnihest  bliihenden  Sorte  und  der  spatest 
bliihenden  Sorte  in  den  Jahren  1935-1941  aufierordentlich  stark  ge- 
schwankt  hat.  Drastischer  als  in  Tab.  1  kommen  diese  Jahresunterschiede  bei 
der  in  Abb.  1  gebrachten  graphischen  Darstellung  zum  Ausdruck.  In  dieser  Ab- 
bildung  ist  auch  der  Termin  des  Bliihbeginns  der  Sorte  Pfirsichroter  Sommerapfel 
verzeichnet,  die  als  „Angelpunkt"  fiir  die  Feststellung  der  relativen  Bliihzeit 
diente  (vgl.  S.  359  fl.). 

Den  frijhesten  Gesamtbliihbeginn  des  Sortiments  wies  das  Jahr  1938  (ein  Spat- 
frostjahr!)  auf,  den  spatesten  das  Jahr  1941.  Auf  dieses  beziiglich  der  Bliihverhalt- 
nisse  vollig  abnorme  Jahr  wird  im  folgenden  noch  zuruckzukommen  sein.  Fiir  1938 
diirfen  die  Bliihbeginntermine  unter  Miincheberger  Verhaltnissen  zwar  als  sehr 
(riih,  aber  nicht  als  ausgesprochen  abnorm  bezeichnet  werden,  wahrend  im  Jahre 
1941  mit  dem  23.  5.  als  Bliihbeginntermin  der  fnihest  bliihenden  Sorte  ein 
ausgesprochener  „Ausnahmezustand"  eingetreten  war.  Die  Bliihbeginntermine  der 
Jahre  1935,  1936,  1937,  1939,  allenfalls  auch  noch  1940  (nach  dem  Polarwinter 
1939/40),  entsprechen  dem  aus  der  Praxis  bekannten  „langjahrigen  Mittel"  der 
Apfelbliite  in  der  Miincheberger  Gegend. 

Zusanmienfassend  lafit  sich  im  Anschlufi  an  diese  Betrachtung  feststellen,  dafi  die 
Extreme  der  Bliihbeginntermine  der  jeweils  friihest  bliihenden  Sorte  in  den  Be- 
obachtungsjahren um  27  Tage,  also  fast  4  Wochen,  differieren!  Die  Schwan- 
kung  hinsichtlich  des  Bliihbeginntermins  der  spatest  bliihenden  Sorte  in  den  ein- 
zelnen Jahren  ist  zwar  geringer,  aber  immerhin  auch  beachtlich.  Die  Differenz 
zwischen  den  Extremen,  1936  und  1938  auf  der  einen,  1941  auf  der  anderen 
Scite,  betragt  17  Tage  (vgl.  hierzu  Tab.  1  und  Abb.  1).  Fast  kudos  mutet  es  an, 
dafi  der  Bliihbeginn  der  fnihest  bluhenden  Sorte  im  Jahre  1941  auf  den  gleidien 
Tag  fiel  wie  der  Bliihbeginn  der  spatest  bliihenden  im  Jahre  1939. 

Alle  diese  jahreweisen  Unterschiede  sind  natiirlich  weitestgehend  von  den 
meteorologischen  Verhaltnissen  des  Vor-  und  Bliihjahres  bestimmt 
^irorden.  Darauf  wird  noch  eingegangen  werden  (vgl.  S.  365  ff.).  In  diesem  Ab- 
sdinitt  sollen  die  phaenologischen  Besonderheiten  der  Beobachtungsjahre  zunachst 
nur  registrierend  herausgestellt  werden.  Es  sei  aber  schon  hier  darauf  hingewiesen, 
dafi  es  -  unter  dem  Blickwinkel  der  phaenologischen  Problematik  -  eher  ein 
gliiddicher  als  ungiinstiger  Umstand  war,  dafi  das  Spatfrostjahr  1938,  das  bliiten- 
und  ertragreiche  Jahr  1939  und  die  Wintcrfrostjahre  1940  und  1941  in  unsere 
Beobachtungszeit  fielen. 
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ueobachtungBjanren 


Prozenttatz  der  Sorten 

BltihbeKinn 

ati 

1 
4. 

1935 

1936 

1937 

1938 
0,9 

1939 

1940 

1941 

21. 

28. 

4. 

— 

29. 

4. 

0,5 

30. 

4. 

2,4 

I. 

5. 

0,5 

2. 

5. 

i»4 

3. 

5. 

2,8 

6,0 

4. 

5. 

^t2^ 

1,4 

5. 

5. 

0,5 

5,6 

6,2 

6. 

5. 

5,0 

0,4 

8,0 

5,5 

7. 

5. 

4,5 

6,5 

1,9 

1,1 

^. 

5. 

2,7 

30,1 

2,0 

2,4 

1,5 

1,6 

9. 

5. 

3,1 

16,4 

4,6 

9,9 

11,7 

4,3 

10. 

5. 

7,1 

14,2 

21, t 

3,3 

5,5 

3,2 

II. 

5. 

3,1 

16,4 

28,0 

13,1 

3,0 

1,6 

12. 

5. 

14,7 

5,9 

15,5 

11,3 

23,0 

1,6 

13. 

5. 

22,6 

0,9 

10,2 

8,4 

6,8 

4,3 

14. 

5. 

0,9 

1,4 

6,1 

12,2 

6,0 

3,8 

J  5. 

5. 

8,9 

2,3 

3,2 

6,1 

2,6 

3,2 

16. 

5. 

0,5 

1,2 

4,2 

6,0 

14,4 

17. 

5. 

3,1 

0,9 

— 

0,9 

11,0 

5,9 

18. 

5. 

— 

0,5 

0,4 

0,9 

1,1 

16,0 

J9. 

5. 

— 

— 

0,4 

16,0 

20. 

5. 

13,8 

0,5 

0,8 

0,4 

9,1 

21. 

5. 

1,3 

0,4 

3,8 

22. 

5. 

12,0 

— 

2,1 

23. 

5. 

1,8 

0,4 

4,3 

2,7 

24. 

5. 

4,0 

1,6 

4,0 

25. 

5. 

2,7 

6.6 

26. 

5. 

0,9 

0,5 

23.4 

27- 

5. 

25,7 

28. 

5. 

19,9 

29. 

5. 

8,9 

30. 

5. 

5,3 

31. 

5. 

2.2 

I. 

6. 

0,9 

2. 

6. 

— 

3. 

6. 

0,4 

Anzahl  der  Sorten, 

die  gebliiht  haben 

<einsc 

hlieBlich 

225 

219 

246 

213 

272 

187 

226 

Pfirsichroter 

Sommerapfel) 

Wie  aus  Tab.  1  und  Abb.  1  hervorgeht,  erstrcckt  sich  die  Zeitspanne  zwischen 
dem  BliJhbcginn  der  jeweils  friibest  und  spatest  bliihenden  Sorte  im  Jahre  1935 
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1941  auf  12  Tage. 


< 

< 

0 

»  1935 
193« 
1937 
1938 
1939 

t    1940 

1 

► 

} 

i 

1 

1 

< 

< 

< 

1  1941 

27.4. 


3.S.  5.5.6.5.  8.5. 


3.6. 


ia.5.20.5.  23.5.       26.5. 

Abbildung  z 

hbeginntermine  in  den  7  Beobachtungsjahren.  O  friihest  bliihende  Sorte, 

'firsichroter  Sommerapfel,  •  spatest  bliihende  Sorte. 


ht  interessant  ist  ein  Vergleich  zwischen  den  Beziehungen  zwischen 
m  Bluhbeginn  der  friihest  bliihenden  Sorte  und  der  Ge- 
ntbliihbeginndauer  in  den  einzelnen  Jahren.  Stellt  man  eine  „Rang- 
lung"  der  einzelnen  Jahre  nach  Gesamtbliihbeginn  des  Sortiments  (friihest 
lende  Sorte)  und  Gesamtbliihbeginndauer  (Zeitspanne  vom  Bliihbeginn  der 
lest  bis  zu  dem  der  spatest  bliihenden  Sorte)  auf,  so  ergibt  sich,  dafi  sich  das 
ihbliihjahr"  1938  und  das  „Spatbliihjahr"  1941  hinsichtiich  beider  Kategorien 
igekehrt  proportional"  verhalten,  d.  h.  1938  hat  den  friihesten  Gesamtbliih- 
inn  und  die  langste  Gesamtbliihbeginndauer,  1941  dagegen  den  spatesten 
amtbliihbeginn  und  die  kiirzeste  Gesamtbliihbeginndauer  aufzuweisen.  Abb.  1 
Tab.  2  zeigen,  dafi  audi  in  den  anderen  Jahren  gewisse  Parallelen  zu  den 
len  Extremjahren  bestehen.  Jedoch  ist  hier  ein  voreiliger  Schlufi  keinesfalls 
ubt,  da  in  „normalen"  Bliihjahren  infolge  der  ganz  anders  gearteten  Witte- 
^sverhaltnisse  im  Winter,  vor  und  wahrend  der  Bliihzeit  die  Verhaltnisse  - 
den  en  die  Periodizitat  der  Bliihbereitschaft  kommt  (vgl.  S.  360)  -  alljahrlidi 

Tabelle  a 
amtbliihbeginn  und  Gesamtbluhbeginndauer  der  beobachteten  Sorten  in  den 

Jahren  Z935 — X94X 

Jahr  Gesamt-  Gesamt- 

bliihbeginn     bluhbeginn- 
dauer  (Tage) 


1938 

27.  4. 

22 

1939 

3.  5. 

2[ 

1936 

5.  5. 

16 

1937 

6.  5. 

15 

1935 

8.  5. 

19 

1940 

8.  5. 

19 

1941 

23.  5. 

12 
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cypiscn  Dcaingten  raKtoren,  der  u  m  we  i  t  bed  i  n  g  u  n  gen 
und  der  ,,inneren  AuBenbedingungen"  ist,  besonders  bei 
Holzgewachsen,  schwer  zu  entwirren. 

Tab.  3  gibt  AufschluC  uber  die  Zahl  der  Tagc  bis  zum  Bluhbeginn  der  fruhesc 
bliihenden  Sorte  ab  1.  Januar  und  1.  April  der  sieben  Beobachtungsjahre.  In  den 
Jahren  1935.  1936,  1937.  1939  und  1940  liegt  diese  Zahl  zwischen  122  und  128 
bzw.  32  und  37  Tagen.  ist  also  verbal tnismaBig  konstant.  Ganz  anders  geartet 
dagegen  sind  wieder  die  Bluhverhaltnisse  auch  in  dieser  Hinsicht  in  den  „ex- 
tremen"  Jahren  1938  und  1941.  Im  „Fruhbluhjahr"  1938  wurde  der  Termin  des 
Gesamtbluhbeginns  bereits  nach  117  bzw.  26  Tagen  erreicht,  im  ..Spatbluhjahr*' 
1941  erst  nach  142  bzw.  52  Tagen  (vgl.  Tab.  3). 

Tabelle  3 

Anzahl  der  Tage  bis  zum  BlUhbeginn  der  frUhest  blUhenden  Sorte  ab  i.  Januar 

bzw.  z.  April  in  den  Beobachtungsjahren 


Tage  bis  Bluhbeginn 

1935 

1936 

1937 

1938 

1939 

1940 

1941 

Ab  I.  Januar 
Ab  I.  April 

127 

2^1 

125 
34 

125 
35 

117 
26 

122 
32 

128 
37 

142 
52 

Wenden  wir  uns  nun  dem  allgemeinen  phaenologischen  Verhalten  der  von  uns 
beobachteten  Sorten  in  den  Jahren  1935-1941  zu,  so  sei  zunachst  auf  die  letzte 
waagerechte  Spake  der  Tab.  1  hingewiesen,  in  der  mitgeteilt  wird,  wievlel  Sor~ 
ten  in  den  einzelnen  Jahren  gebluht  haben.  Man  ersieht,  dafi  in  dem  guten  Bluh- 
und  Ertragsjahr  1939  samtliche  in  die  Beobachtung  einbezogenen  Sorten  gebluht 
haben,  erkennt  die  starke  Depression  nach  dem  strengen  Winter  1939/40  und 
eine  gewisse  Erholung  im  Jahre  1941.  Beziiglich  der  Zahl  der  bluhwilligen  Sorten 
im  Jahre  1941  ist  zu  bemerken,  daB  damals  bereits  zahlreiche  Sorten  infolge 
partiellen  oder  totalen  Frostschadens  ausgefallen  waren,  woriibef  Tab.  9  Auskunft 
gibt. 

Es  ware  verlockend,  unsere  sieben j ah rigen  Beobachtungen  mit  der  Frage  nach 
dem  Vorhandensein  periodischer  Trager  in  dem  Beobachtungs- 
sortiment  zu  verkniipfen.  Die  Durchsicht  der  Einzelbeobachtungen  ergab  keine 
eindeutige  Antwort.  Wir  wissen  iiber  das  Problem  der  Periodizitat  des  Trag- 
rhythmus  leider  noch  sehr  wenig,  aber  doch  soviel,  dafi  auch  hier  Erbgut  und 
Umwelt  zusammenwirkcn.  Umstimmungen  des  Tragrhythmus  sind  bekannt.  Viel- 
leicht  haben  auch  Frosteinwirkungen  retardierenden  oder  schockierenden  Einflufi. 
Die  nach  den  beiden  harten  Wintern  1939/40  und  1940/41  festgestellte  relativ 
gute  Bliihwilligkeit  unserer  Apfelsorten  im  Jahre  1941  spricht  hier  eine  beredte 
Sprache,  verwischt  aber  das  Bild,  so  dafi  exakte  Erhebungen  iiber  das  Vor- 
kommen  periodischer  Trager  fruchtlos  erscheinen.  Vielleicht  oder  sicherlich  hat 
auch  der  praktisch  ausgefallene  Fruchtertrag  im  Spatfrostjahr  1938  zu  der  reichen 
Bliite  des  Jahres  1939  mit  beigetragen  und  Umstimmungen  im  Tragrhythmus 
bewirkt  („Ausruhen"  der  Baume).  Das  Problem  der  periodischen  Trager  ist  so 
kompliziert,  dafi  es  hier  nur  am  Rande  gestreift  werden  konnte.  Es  wird  am 
Institut  fur  Obstbau  und  Obstziichtung  in  Marquardt  auf  breiter  Basis  und 
auf  weite  Sicht  berechnet  bearbeitet. 
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Dcnon  immer  naDen  im  UDstDau  aie  extremen  rrunDiuner  una  d p a t - 
b  1  ii  h  e  r  unserer  Apfelsorten  besonderes  Interesse  gefunden.  Die  Spatbliiher 
CSiebenschlaferapfel")  sind  von  obstbaulichem  und  zuchterischem  Wert  (vgl. 
Schmidt  1940b),  weil  sle  den  die  Bliitenorgane  schadigenden  Fnihjahrsfrosten 
l^leichsam  entschliipfen  konnen.  Im  folgenden  werden  die  Sorten  aufgezahlt,  die 
in  den  Beobachtungsjahren  am  friihesten  bzw.  am  spatesten  gebliiht  haben. 

19  3  5    Friihest    bluhende    Sorten    (8.  5.) :    Antonowka    kamenitschka,    Fraas', 

Sommercalvill,  Litauischer  Pepping,  Roter  Savstaholm,  WciBer  Durch- 

sichtiger. 

Spatest  bluhende  Sorte  (26.  5.) :  Riesenboiken. 
19  3  6   Fruhcst  bluhende  Sorte  (5.  5.) :  Fiefiers  Erstling. 

Spatest  bluhende  Sorte  (18.  5.):  Jonas  Hannes. 
19  3  7    Friihest  bluhende  Sorte  (6.  5.) :  Dobry  Krestjanin. 

Spatest   bluhende    Sorten    (20.  5.):    Fruchtbarer   von    Frogmore,   Jonas 

Hannes. 
19  3  8    Fruhcst  bluhende  Sorten  (27.  4.) :  Rivers'  Early  Peach,  ^oter  Astrachan, 

Susanne  Fiefier. 

Spatest  bluhende  Sorten  (18.  5.):  Early  Harvest,  Jon^s  Hannes. 
19  3  9    Friihest  bluhende   Sorten   (3.  5.) :   Dunkelroter  Gravensteiner,   FieBers 

Erstling,    Glogierowka,    Gragylling,   Gravensteiner,   Gravensteiner   von 

Taarnburg,  Leonhards  Calvill,  Macross,  Naundorfer  Gravensteiner,  Nor- 
folk Beauty,  Rivers'  Early  Peach,  Roter  Astrachan,  Roter  Gravensteiner, 

Roter  Savstaholm,  Sobiesky,  Wapella. 

Spatest  bluhende  Sorte  (23.  5.):  Jonas  Hannes. 
19  4  0   Friihest  bluhende  Sorten  (8.  5.) :  Lawf am,  Roter  Savstaholm,  Wapella. 

Spatest  bluhende  Sorte  (26.  5.:)  Sondergleichen  von  Hubbardstone. 
19  41    Friihest  bluhende  Sorten  (23.  5.) :  Antonowka,  Roter  Savstaholm,  SSvsta- 

holm. 

Spatest  bluhende  Sorte  (3.  6.):  Kriigers  Dickstiel. 

Die  Aufstellung  lafit  erkennen,  dafi  in  den  einzelnen  Jahren  nicht  immer  die 
gieichen  Sorten  an  erster  oder  letzter  Stelle  standen.  Diese  Tatsache  ist  im  Hin- 
blick  auf  die  Festlegung  der  relativen  Bliihzeit  (vgl.  S.  373)  von  Bedeutung.  Und 
doch  ersieht  man,  dafi  manche  Sorten  in  mehreren  Jahren  als  friihest  bluhende 
(z.  B.  Roter  Savstaholm  1935,  1939,  1940,  1941)  oder  spatest  bluhende  (z.  B. 
Jonas  Hannes  1936,  1937,  1938,  1939)  wiederkehren. 

Tab.  1  und  die  Abbildungen  2-8  unterrichten  iiber  die  jahreweis  ver  - 
schiedene  prozentuale  Verteilung  der  friih,  mittelfriih,  mittel- 
spat  und  spat  bliihenden  Sorten  unseres  Beobachtungsmaterials. 
Obwohl  das  Sortiment  keinesfalls  nach  phaenologischen  Gesichtspunkten  zu- 
sammengestellt  wurde,  erkennt  man  aus  der  Verteilung  der  Sorten  im  Bereich  des 
Oesamtbluhbeginns  in  alien  Jahren  deutlich  das  mehr  oder  minder  starke  Ober- 
M^iegen  der  Sorten  mit  einem  mittleren  Bliihbeginntermin.  Trotz  dieser  allgemei- 
nen,  mit  den  an  Samlingen  gewonnenen  genetischen  Erkenntnissen  uberein- 
sdmmenden  Tendenz  {Schmidt  1947)  lassen  die  Abb.  2-8  doch  aufschlufireiche 
jahreweise  Unterschiede  erkennen.  Das,  was  oben  iiber  die  Dauer  der  Periode 
des  Gesamtbluhbeginns  in  den  einzelnen  Beobachtungsjahren  gesagt  wurde,  findet 
man  hier  verdeutlicht.  Wieder  fallen  die  beiden  „Extremjahre"  1938  und  1941  ins 
Auge.  Wahrend  sich  im  Friihbliihjahr  1938  die  Bluhbeginntermine  auf  einen 
Zeitraum  von  22  Tagen  verteilen,  erfolgte  der  Bliihbeginn  1941  (11  Tage)  „explo- 
siv".  Die  geringe  Hohe  der  Saulen  in  Abb.  5  (1938)  und  die  grofie  Hohe  der 
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rungsverhaltnisse  der  einzelnen  Beobachtungsjahre  bedingt  Darauf  wird  nodi 
eingegangen  werden  (vgl.  S.  365). 
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27.4. 


3.1 


23.5. 


Abbildung  6 


1940 


27.4. 


Abbildung  7 


27.4. 


23.5. 


14> 


Abbildung  8 


bbildung  a — 8  Prozentuale  Vert2ilung  der  Sorten  auf  die  BluhbeRinntermine  in 
en  Beobachtungsjahren.  Abb.  a  i935i  Abb.  3  1936,  Abb.  4  1937,  Abb.  5  1938^ 
.bb.  6  i939>  Abb.  7  1940,  Abb.  8  1941. 

^  wurde  im  Rahmen  dieser  Arbeit  zu  weit  fuhren  und  den  Leser  ermiiden,  die. 
luhbeginntermine  samtlicher  272  Sorten  in  den  7  Beobachtungsjahren  mitzu.- 
:ilen.  Es  wird  daher  in  Tab.  4  nur  eine  kleine  Auswahi  in  dieser  oder  jener 
7eise  typischer  Sorten  angefiihrt.  An  den  Beginn  der  Aufzahlung  wurde  Pfirsich- 
>ter  Sommerapfel  gesteiit,  weil  diese  fruhbliihende  Sorte,  wie  bereits  erwahnt 
urde,  als  ,,Angelpunkt"  fiir  die  Berechnung  der  reiativen  Bluhzeit  der  anderen 
Often  diente  (vgl.  S.  373  ff.)-  Man  ersieht  aus  Tab.  4,  dafl  manche  Sorten  in  einii- 
^n  Jahren  friiher  als  Pfirsichroter  Sommerapfel  gebliiht  haben,  wie  Roter 
strachan.  Rivers'  Early  Peach  und  Roter  Savstaholm.  Es  sind  dies  Sorten,  die 
igemein  als  Fruhbliiher  bekannt  sind.  Auch  Charlamowsky,  Oranienapfel,  Glo* 
erowka  und  Antonowska  gehoren  in  diese  Gruppe.  Als  ausgesprochene  Spat- 
uher  erwiesen  sich  Kaiser  Alexander,  Jonas  Hannes,  Red  Spy,  Moseleisenapfel 
a.  (vgl.  S.  380).  Die  tibrigen  in  Tab.  4  verzeichneten  Sorten  gehoren  in  den 
ereich  der  mittelfriihen  und  mittelspaten  Bliihtermine. 
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Bliihzeiten,  d.  h.  dem  langjahrigen  Mittel  aus  den  Abstanden  (in  Tagen)  ihres 
Bliihbeglnns  von  dem  dec  MalSsorte  Pfirsichroter  Sommerapfel  (vgl.  S.  373)  und 
Tab.  9),  vorgenommen.  Man  erkennt  nicht  nur  die  oben  erwahnten  Untersdiiede 
in  den  Bliihbeginnterminen  der  einzelnen  Jahre,  sondern  audi  die  mehr  odet 
weniger  grofien  Differenzen  in  den  ,,absoluten"  Bluhbeginntenninen  der  einzelnen 
Sorten  in  den  verschiedenen  Jahren.  Diese  meteorologisch  und  wohl  sicher  audi 
pcriodizitatsmafiig  bedingten  Verschiedenheiten  waren  es  ja  gerade,  die  Kobel 
(1931)  zur  Theorie  der  „relativen  Bluhzeit"  fiihrten. 

Tabelle  4 
BlUhbeginn  verachiedener  Apfelsorten  in  den  Jahren  1935 — X94x 

Antnerkung  :  Die  Striche  in  einzelnen  Jahresspalten  besagen,  daB  die  Baume 
der  betreffenden  Sorte  nicht  gebluht  haben,  der  Punkt  bei  Cox*  Pomona  Total- 
verlust  durch  Frosteinwirkung. 


Sorte 

1935 

1936 

1937 

1938 

1939 

1940 

I94I 

Pfirsichroter  Sommerapfel 

8.  5. 

7. 

5. 

7. 

5. 

4.  5. 

4. 

5. 

9.  5. 

25.  5. 

Roter  Astrachan 

8. 

5. 

7. 

5. 

27'  4. 

3. 

5. 

— 

25.  5. 

Rivers'  Early  Peach 

Roter  Savstaholm 

8.  5. 

7. 

5. 

7. 

5. 

4.  5. 

3. 

5. 

8.  5. 

23.  5. 

Charlamowsky 

10.  5. 

6. 

5. 

7. 

5. 

4.  5. 

5. 

5. 

10.  5. 

25.  5. 

Oranicnapfel 

9.  5. 

6. 

5. 

II. 

5. 

30.  4. 

4. 

5. 

16.  5. 

25.  5. 

Glogicrowka 

8.  5. 

7. 

5. 

9. 

5. 

8.  5. 

3. 

5. 

16.  5. 

23.  5. 

Antonowka 

10.  5. 

6. 

5. 

9. 

5. 

14.  5. 

5. 

5. 

9.  5. 

23.  5. 

Lord  Grosvenor 

13.  5. 

6. 

5. 

10. 

5. 

2.  5. 

10. 

5. 

— 

28.  5. 

Ernst  Bosch 

10.  5. 

8. 

5. 

10. 

5. 

12.  5. 

i2. 

5. 

10.  5. 

26.  5. 

Adersleber  Calvill 

12  5. 

8. 

5. 

10. 

5. 

12.  5. 

12. 

5. 

14.  5. 

28.  5. 

Cellini 

12.  5. 

10. 

5. 

II. 

5. 

9.  5. 

12. 

5. 

16.  5. 

26.  5. 

Wintergoldparmane 

13.  5. 

8. 

5. 

12. 

5. 

12. 

5. 

23.  5. 

27.  5. 

Rome  Beauty 

13.  5. 

II. 

5. 

12. 

5. 

12.  5. 

16. 

5. 

20.  5. 

29.  5. 

London  Pepping 

14. 

5. 

12. 

5. 

13.  5. 

16. 

5. 

20.   5. 

28.  5. 

Moseleisenapfel 

II. 

5. 

16. 

5. 

16.  5. 

17. 

5. 

20.   5. 

30.  5. 

Cor'  Pomona 

20.  5. 

II. 

5. 

12. 

5. 

15.  5. 

17. 

5. 

21.   5. 

— 

Kaiser  Alexander 

20. 

5. 

— 

— 

16.  5. 

16. 

5. 

21.    5. 

30.  5. 

Jonas  Hannes 

22.  5. 

18. 

5. 

20. 

5. 

18.  5. 

23. 

5. 

25.    5. 

Red  Spy 

24.  5. 

— 

— 

— 

— 

21. 

5. 

26.  5. 

— 

£s  hat  nach  unseren  Beobachtungen  fast  den  Anschein,  als  ob  es  hinsichtlich  der 
absoluten  Bluhzeit  in  den  Jahren  1935-1940  stnbile  und  labile  Sorten  gabe. 
Das  abnorme  Jahr  1941  mu6  hier  allerdings  aus  dem  Kreis  der  Betrachtung 
ausscheiden.  Mehr  oder  weniger  stabil  scheinen  zu  sein  Pfirsichroter  Sommerapfel, 
Roter  Astrachan,  Rivers*  Early  Peach  (Ausnahmc  1940),  Roter  Savstaholm,  Char- 
lamowsky, Oranienapfel  (aufier  1940),  Glogierowka  (aufier  1940),  Antonowka 
(aufier  1938),  Ernst  Bosch,  Cellini,  Rome  Beauty  (1940),  London  Pepping  (?), 
Moseleisenapfel  (?),  Kaiser  Alexander,  Jonas  Hannes  und  Red  Syp.  Mehr  oder 
weniger  labil  dagegen  scheinen  sich  die  Sorten  Lord  Grosvenor,  Adersleber  Calvill, 
Wintergoldparmane  und  Cox'  Pomona. zu  verhalten.  Diese  Betrachtung  ist  freilich 
infolge  des  komplizierten  Zusammenspiels  der  fiir  die  Auslosung  des  Bluhbeginns 
verantwortlidien  entwicklungsphysiologischen,  meteorologischen  und  genetischen 
Faktoren  aufierst  gewagt  und  hypothetisch. 
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Vergleich  zwisdien  den  an  unserem  Beobachtungsmaterial  ermittelten  phaeno- 
chen  Daten  und  der  Jahreswitterung  vor  und  wahrend  der  Bliihzeit  ist  leider 
fur  die  Jahre  1937,  1939,  1940  und  1941  moglich,  da  die  von  der  Agrar- 
orologischen  Station  Mundieberg  in  den  anderen  Beobachtungsjahren  ge- 
iten  Aufzeichnungen  durch  Kriegseinwirkung  verlorengingen*). 

>eschranke  mich  bei  der  vergleichenden  Betrachtung  auf  Lufttemperatur  und 
tensdbeindauer.  Die  Abb.  9-12  unterriditen  uber  die  Tagesmittel  der  L  u  f  t  - 
iperaturin  Mundieberg  vom  15.  4.  bis  zum  Ende  der  Bluhbeginnperiode 
den  Gesamtbluhbeginn  in  den  Jahren  1937,  1939,  1940  und  1941.  Der  Bluh- 
nn  im  Jahre  1937  (Abb.  9)  erfolgte  nach  einem  starken  Temperaturanstieg 
30.  4.  bis  zum  4.  5.  Wahrend  des  Bluhbeginns  der  fnihbluhenden  Sorten  trat 


Bluhbeginnlitrmin* 


.bis 


Abbildung  9 

Tagesmittel  der  Lufttemperatur  15.  April  —  25.  Mai  1937- 

n  ein  plotzlicher  Temperaturabfali  ein,  dem  ab  9.  5.  ein  neuerlidier  Tempe- 
ranstieg  folgte,  der  sidi  nach  einer  kurzen  Depression  vom  15.  5.  an  wieder- 
e.  Wenn  audi  der  Bluhbeginn  nidit  nur  von  meteorologisdien  Bedingungen 
angt,  sondern  weitgehend  audi  von  inneren,  d.  h.  genotypisdi  begrundeten 
torcn,  so  ist  ein  Vergleidi  des  Witterungsverlaufs  im  Jahre  1937  rait  Abb.  4 
lerhin  redit  interessant,  Er  darf  jedodi  nidit  zu  voreiligen  Sdilussen  verlciten. 
>.  4  zeigt,  daB  die  Masse  der  Sorten  im  Jahre  1937  in  der  Zeit  vom  12.-15.  5. 

jr  die  Uberlassung  und  Beschaffuns  der  meteorologischen  Daten  danke  ich 
r  Zentralstelle  des  Deutschen  Wettcrdienstcs  in  Bad  Kissingen,  dem  Mctco- 
logischen  und  Hydrologischen  Dienst  in  Potsdam  und  dem  Ministerium  fur 
md-  und  Forstwirtschaft  der  DDRv  Abt.  Agrarwissenschaft  und  Forschung. 
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Abbildung  zo 

Tagesmittel  der  Lufttemperatur  15.  April  —  25.  Mai  1939. 

Im  Jahre  1939  (Abb.  6  und  10)  zogen  sich  die  Bliihbeginntennine  wetter  in  die 
Lange  als  1937.  Dies  hat  zweifellos  witteningsbedingte  Ursachen  (vgl.  Abb.  10). 
Wieder  erfolgte  der  Bluhbeginn  der  friihest  bliihenden  Sorte  wenige  Tage  nadi 
einem  plotzlichen  Temperaturanstieg.  Wahrend  der  Aufbluhzeit  der  Sorteo 
schwankte  die  Temperatur  mehr  oder  weniger  stark  und  erreidite  bei  weitem 
nicht  die  hohen  Werte  wie  im  Jahre  1937.  Entsprediend  der  langeren  Bluhbeginn- 
periode  im  Jahre  1939  ist  audi  die  prozentuale  Verteilung  der  Sorten  auf  die  ein- 
zelnen  Bluhbeginntermine  ganz  anders  als  1937  (vgl.  Abb.  6). 

Abb.  11  veranschauiicht  den  Temperaturgang  vor  und  wahrend  der  Bluhbeginn- 
periode  im  Jahre  1940.  Dem  Bluhbeginn  der  friihest  biuhenden  Sorte  (8.  5.) 
gingen  Temperaturmaxima  am  24.  4.  und  3.  5.  voraus,  deren  Werte  erst  gegen 
Ende  der  Bluhbeginnperiode  erreicht  und  iiberschritten  wurden  (vgl.  Abb.  11). 
In  dem  Extremjahr  1941  lagen  die  Tagesmittel  der  Lufttemperatur  in  der  ersten 
Maihalfte  sehr  niedrig  (Abb.  12).  Erst  vom  16.  5.  an  erfolgte  ein  starker  Tempe- 
raturanstieg, der  den  Bliihbeginn  ausloste  und  -  sicher  in  Verbindung  mit  Er- 
scheinungen  der  Periodizitat  -  zu  einer  starken  Zusammendrangung 
der  Bliihbeginnperiode  f uhrte. 

Interessant  ist  hier  ein  Verglcich  der  Temperaturverhaltnisse  in  der  Zeit  vor  dem 
Bluhbeginn  1940  auf  dereinen,  1937  und  1939  auf  der  anderen  Seite(Abb.  9-11). 
Es  ist  bemerkcnswert,  dafi  die  im  Vergleich  zu  den  beiden  Jahren  1937  und 
1939  bcdeutend  hoheren  mittleren  Tagestemperaturen  in  der  zweiten  April- 
half  te  des  Jahres  1940  nicht  ausgereicht  haben,  den  Bliihbeginn  friiher  aus- 
zulosen.  Er  trat  um  2  bzw.  5  Tage  spater  ein.  Man  mag  hier  an  gewisse  NaA- 
wirkungen  des  Polarwinters  1939/40  denken.  Vielleicht  war  die  Entfaltungs- 
bereitschaft  der  Bliitenknospen  1937  und  1939  im  April  sdion  erheblich  wetter 
fortgeschritten,  so  dafi  die  „Schockwirkung"  des  Temperaturanstiegs  kurz  vor  der 
Blute  genugt  haben  mag,  den  Bluhbeginn  zu  veranlassen.  Anders  wieder  lagen 
die  Verhaltnisse  in  dem  extremen  Spatbluhjahr  1941,  das  ebenfalls  einem  sehr 
strengen  Frostwinter  folgte.  Im  GegensStz  zu  1940  waren  im  Jahre  1941   die 
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.bis 


Abbildung  zz 
Tagesmittel  der  Lufttemperatur  15.  April  —  31.  Mai  1940. 


Bluhbeginntermine 
von  ■      .  .bts 


Abbildung  za 

Tagesmittc!   der  Lufttemperatur  i.  Mai  —  5.  Juni   1941. 

Itmperaturen  in  den  Wochen  vor  dem  Bluhbeginn  fiir  die  Jahrcszeit  sehr  niedrig 
Tagesmittel  15.-30.  4.  6,2°,  1.-15.  5.  3,5°).  Hier  haben  wohl  sicher  die  man- 
Jnde  Entfaltungsbereitschaft  der  Bluten  und  die  niedrige  Lufttemperatur  ver- 

Dt  zu  dem  extrem  spaten  Bluhbeginn  gefiihrt. 

« 
le  bereits  erwahnt,  wurde  audi  untersucht,  wieweit  sich  ein  Einflufi  der  tag- 
ben  Sonnenscheindauer  in  der  Zeit  vor  und  wahrend  der  Bliihbeginn- 
idode  in  den  4  Beobachtungsjahren  (vgl.  Abb.  13-16)  erkennen  lafit.  Wie 
bb.  13  zeigt,  ging  dem  Beginn  der  Gesamtbliite  im  Jahre  1937  eine  Reihe  sehr 
iiniger  Tage  voraus,  die  weitgehend  mit  der  Warmeperiode  zwischen  dem 
1.  4:  und  6.  5.  zusammenfallen  (vgl.  Abb.  9).  Audi  im  weiteren  Verlauf  der 
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Das  Jahr  1939  war  durdi  einen  starken  Wechsel  sonniger  und  sonnenschein- 
armer  Tage  gekennzeichnet  (Abb.  14).  Eindeutige  Beziehungen  zum  Verlauf  des 
Bluhbeginns  und  2um  Temperaturgang  vor  und  wahrend  der  Blute  (Abb.  10) 
lassen  sich  hier  nidit  erkennen. 

Im  Jahre  1940  (Abb.  15)  iiberwogen  wahrend  der  Zeit  des  Aufbluhens  der  Sor- 
ten  Tage  mit  langer  Sonnenscheindauer.  Dem  Einsatz  der  Bluhbeginnperiode 
gingen  4.  sonnenscheinlose  Tage  voraus.  In  der  zwelten  Aprilhalfte  herrsditen 
sonnige  Tage  vor,  die  in  Verbindung  mit  den  hohen  Lufttemperaturen  (vgl. 
Abb.  11)  die  Bluhbereitschaft  gefdrdert  haben  mogen,  aber  nidit  genugt  haben, 
den  Biiihbeginn  aus2uldsen. 

In  der  zweiten  April-  und  ersten  Maihalfte  des  Jahres  1941  (Abb.  16)  schwankte 
die  tagiiche  Sonnenscheindauer  ziemlich  stark.  In  den  Tagen  kurz  vor  dem  Biiih- 
beginn und  wahrend  der  Bliihbeginnperiode  lafit  sich  kaum  eine  Parallelitat  zu 
den  Temperaturverhaltnissen  erkennen. 

In  einer  fruheren  Arbeit  (Schmidt  1953)  iiber  phaenologische  Beobachtungen  an 
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Abbildung  23 

Sonnenscheindauer  i5-  April  —  25.  Mai  1937. 
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Abbildung  14 
Sonnenscheindauer  15.  April  —  25.  Mai  I939. 
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Abbildung  Z5 
Sonnenscheindaueer  15.  April  —  26.  Mai  1940. 
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Abbildung  z6 

Sonnenscheindauer  15.  April  —  3.  Juni  1941. 
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Tabelle  5 

Monatssummen  der  mittleren  Tagestemperaturen  in  MUncheberg  Z937>  X939»z940 

und  Z94Z 


1937 

1939 

1940 

1941 

(°C) 

(^C) 

(^C) 

(^C) 

anuar 

—119,9 

75,3 

—346.8 

—250,4 

''cbruar 

39,3 

72,3 

—270,8 

—  32,9 

larz 

79,8 

44,5 

41,1 

79,0 

Cpril 

242,5 

263,8 

235,0 

157,2 

.  Mai  bis 

Huhbeginn 

76,6 

19,7 

83,0 

161,6 

6.  5.  Bluhbeginn 

3.  5.  Bluhbeginn 

3.  5.  Bluhbeginn 

23. 

5.  Bluhbeginn 

.  Januar  bis 

lluhbeginn 

318,3 

474,6 

—268,5 

114,5 

iifikirsdiensamlingen  habe  ich  versucht,  Beziehungen  zwischen  dcm  Zeitpunkt 
les  Gesamtbluhbeginns  und  den  Temperaturen  in  der  Zeit  vom  1.  Januar 
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den  von  Weger,  Herbst  und  Rudloff  (1940),  Herbsl  und  Weger  (1940)  und 
Weger  (1950)  mitgeteilten  Versuchen  und  der  von  ihnen  daraus  hergeleiteten 
Hypothese  auseinandergesetzt. 

Die  Frage  nadi  Zusammenhangen  zwisdien  den  Temperatursummen  ab  1.  1.  bis 
zum  Bluhbeginn  und  dessen  Zeitpunkt  wurde  auch  fur  unser  in  Muncheberg 
beobacbtetes  Apfeisortioient  untersucht  und  soil  im  Hinblick  auf  die  Weger- 
schen  Behinde  kritisch  beleuchtet  werden.  Wieder  konnen  nur  die  Jahre  1937, 
1939,  1940  und  1941  herangezogen  werden.  Wie  aus  Abb.  1  und  Tab.  5  hervor- 
geht,  unterscbieden  sicb  alle  4  Jahre  im  Bluhbeginn,  davon  1937,  1939  und  1940 
untereinander  nicht  sehr  erheblich,  1941  dagegen  gegeniiber  den  anderen  Jahien 
sehr  stark. 

Tab.  5  unterriditet  iiber  die  monadichen  Summen  der  mittleren  Tagestemperaturen 
im  Januar,  Februar,  Marz  und  April  sowie  im  Mai  bis  zum  Bluhbeginn.  Weiter- 
hin  wird  die  Gesamt-Temperatursumme  vom  1.  Januar  bis  zum  Bluhbeginn 
angegeben.  Man  erkennt  aus  Tab.  5  den  Witterungscharakter  der  einzelnen  Win- 
ter- und  Fruhjahrsmonate  in  den  verschiedenen  Jahren,  bezogen  auf  die  monat- 
liche  Temperatursumme.  Ohne  in  Einzelheiten  zu  gehen,  sei  auf  die  aus  der 
Tabelle  ersichtlichen  Unterschiede  einzelner  Monate  innerhalb  ein  und  desselben 
Jahres  und  die  allgemeinen  Unterschiede  der  4  Jahre  hingewiesen.  Die  beiden 
strengen  Winter  1940  und  1941  werden  deudich  durch  die  Monatssummen  fur 
Januar  und  Februar  diarakterisiert 

Aufschlufireicher  ist  Tab.  6,  in  der  die  ab  1.  1.  am  Ende  eines  jeden  Monats 
erreichte  Summierung  der  Temperatur  verzeidinet  ist.  Im  Jahre  1937  bedingte 
der  kalte  Januar  (vgl.  Tab.  5),  dafi  die  am  31.  3.  erreidite  Temperatursumme 
O^C  nodi  nidit  iibersdiritten  hatte,  wahrend  1939  in  alien  Monaten  und  vom  1.  1. 
bis  zum  Bluhbeginn  erheblidi  hohere  Temperatursummen  aufwies.  Im  Jahre  1940 
betrug  die  Temperatursumme  bis  zum  Bluhbeginn  erst  -268,5^  (I),  wahrend  die 
Temperatursumme  vom  1.-22.  5.  1941  zu  einem  gewissen  Aufholen  bis  zum  - 
allerdings  sehr  spaten  -  Bluhbeginn  fiihrte.  Aus  Tab.  5  und  6  geht  eindeutig  her- 
vor,  dafi  die  Hohe  der  Temperatursummen  vom  1.  1.  bis  zum 
Bluhbeginn  in  den  Beobaditungs jahren  nicht  proportional  zum 
Bluhbeginn  ist,  wie  es  nadi  der  Wegenchen  Hypothese  zu  fordern  ware. 
Weger  (1948)  hat  auf  Grund  langjahriger,  in  Geisenheim  an  Pflaumen,  Bimen 
und  Apfeln  durdigefiihrter  Untersudiungen  als  Kernpunkt  seiner  Hypothese  her- 
ausgestellt,  dafi  der  erste  Bluhtag  in  den  einzelnen  Jahren  kalendermafiig  zwar 

Tabelle  6 

Die  in  den  einzelnen  Monaten  der  Jahre  Z937>  Z939f  z940  und  Z94z  ab  z.  Januar  in 

Miincheberg  erreichten  Temperatursummen 


1937 

1939 

1940 

1941 

(°C) 

(°C) 

("C) 

(°C) 

Januar 

—119,9 

75,3 

—346,8 

—250,4 

Februar 

— 8o,6 

147,6 

— 627,6 

—283,3 

Marz 

—  0,8 

191,1 

—586,5 

—204,3 

April 

241,7 

454,1 

—351,5 

—  47,1 

Mai  bis 

Bluhbepfinn 

318,3 

474.6 

—268,5 

114,5 

6. 

5.  Bluhbeginn 

3.  5-  Bluhbeginn 

8. 

5.  Bluhbeginn 

23. 

5.  Bluhbeginn 
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sehr  versdiieden  ist,  immer  aber  erst  nach  Erreichen  eines  ganz  bestimmten,  fiir 
jede  Obstart  spezifischen  Temperatursummenbereidis  eintritt.  Die  Zeit  vom 
1.  1.  bis  zur  Erreidiung  der  spezifisdien  Temperatursumme  bestimmt  nach  Wegers 
Auffassung  den  Zettpunkt  des  Bluhbeginns. 

Tab.  5  und  6  zeigen,  dafi  die  von  uns  ermittelten  Ergebnisse  der  \^^^^rsdien 
Hypothese  nidit  entsprechen.  So  trat  der  Bliihbeginn  1939  am  3.  5.  ein,  1937 
am  6.  5.,  obwohl  bis  dahin  eine  bei  weitem  geringere  Temperatursumme  erreicht 
worden  war  als  1939.  Nur  2  Tage  spater  als  1937  begann  die  Bliite  im  Jahre  1940. 
Die  bis  zum  Bliihbeginn  erreidite  Temperatursumme  betrug  aber  -268,5^1  Die 
extrem  spate  Blute  im  Jahre  1941  begann  nach  Erreichen  einer  Temperatursunmie, 
die  in  den  beiden  Fruhbluhjahren  1937  und  1939  zur  Zeit  des  Bluhbeginns  weit 
hdher  lag,  wahrend  der  entsprechende  Wert  im  Jahre  1940,  das  eine  durchaus 
normale  Bliihbeginnperiode  aufwies,  383  Celsiusgrade  unter  dem  von  1941  lag. 
Wie  in  meiner  Sufikirschen-Arbeit  {Schmidt  1953)  bereits  betont  wurde,  lassen  sich 
die  von  Weger  gewonnenen  Ergebnisse  mit  den  unseren  nicht  vergleichen,  da 
man  in  Geisenheim  bei  der  Durchfuhrung  und  Auswertung  der  Versuche  mit  einer 
anderen,  verfeinerten  Methodik  gearbeitet  hat  (Feststellung  des  Bluhbeginns  nach 
phaenometrischen  Prinzipien,  Bildung  der  Temperatursummen  auf  Grund  stund- 
licher  Ablesungen  an  selbstregistrierenden  Thermographen,  Angabe  der  Tempc- 
ratur  in  Grad  ^  Stunden,  Verwendung  nur  der  Temperaturgrade,  die  oberhalb 
eines  mathematisdi  ermittelten  ,,Schwellenwerts"  lagen).  Legt  man  unserem  Ma- 
terial bei  der  Beredinung  der  Temperatursummen  die  „wirksamen"  Temperatur- 
summen oberhalb  eines  im  Ansdilufi  an  die  Geisenheimer  Erfahrungen  a  n  g  c  - 
nommenen  Schwellenwerts  von  6^  zugrunde,  so  ergeben  sich  folgende  Werte 
fur  die  Zeit  vom  1.  1.  bis  zum  Bliihbeginn:       v 

1940  (Bliihbeginn  8.  5.)  144,0° 
1937  (Bluhbeginn  6.  5.)  124,2° 
1939  (Bluhbeginn    3.  5.)  117,0° 

1941  (Bliihbeginn  23.  5.)  87,2° 

Wohl  liegen  die  Werte  fiir  1937  und  1939  bei  wenig  verschiedenem  Bliihbeginn 
in  etwa  der  gleichen  Grofienordnung,  jedodi  fallen  1940  und  1941  sowohl  in 
ihrem  gegenseitigen  Verhaltnis  als  auch  gegeniiber  den  beiden  anderen  Jahren 
vollig  aus  dem  Rahmen  der  ^^^^rschen  Hypothese. 

In  der  erwahnten  SO  Bkirschen- Arbeit  {Schmidt  1953)  wurde  gesagt,  dafi  die  Tem- 
peratursummen-Hypothese  auch  von  anderer  Seite  nicht  unwidersprochen  geblie- 
ben  ist  Bemerkenswert  erscheint  es,  dafi  bereits  Kobel  (1931)  auf  die  Ergebnisse 
amerikanisdier  Forscher  aufmerksam  gemacht  hat,  wonach  sich  zwischen  der  Tem- 
peratursumme ab  1.  1.  und  dem  Bliihbeginn  keine  einfachen  Zusammenhange 
ergaben.  Die  benotigte  Temperatursumme  war  an  siidlichen  Standorten  in  den 
USA  (30.-32.  Breitengrad)  etwa  doppelt  so  groB  wie  an  ndrdlidien  zwischen 
4em  40.  und  42.  Breitengrad.  Kobel  erklart  diese  von  ihm  als  paradox  bezeichnetc 
atsache  damit,  dafi  die  Baume  in  den  siidlichen  Gebieten  mit  hoheren  Winter- 
mperaturen  einer  langeren  Ruheperiode  bediirfen  als  an  Standorten  mit  tieferen 
emperaturen  wahrend  des  Winters.  Die  Zeit,  in  der  das  Wachstumsminimum 
^^och  nidit  erreicht  ist,  dauert  in  den  siidlichen  Breiten  langer  als  in  den  nordlicher 
elegenen  Gebieten. 

^hne  den  Wert  der  Temperatursummen  fiir  das  Erbliihen  der  Obstgeholze  im 
inne  der  W^^^rschen  Auffassung  zu  verkennen,  soil  hier  diese  Frage  noch  in 
Iner  anderen  Ricfatung  untersucht  werden.  Die  Analyse  der  Temperaturkurven 


dtenen. 

Tab.  7  verzeichnet  die  in  den  Beobachtungsjahren  im  April  und  Mai  bis  zum  Bliih- 
beginn der  friihest  bluhenden  Sorte  ab  1.  1.  erreiditen  Temperatursummen  an 
besdnimten  Stiditagen.  Im  Jahre  1937  war  am  L  4.  erst  eine  Temperatursumme 
um  0°  erreidit.  Die  dann  einsetzende  warme  Witterung  steigerte  diese  Summe 
rasdi  auf  318,3°  am  Tage  vor  dem  Bliihbeginn.  Das  Jahr  1937  hatte  am 
1.  4.  eiuen  weitaus  besseren  „Start",  so  dafi  am  Tage  vor  dem  Bliihbeginn  474,6'^ 
erreicht  waren.  Trotz  dieser  bei  weitem  hoheren  Temperatursumme  trat  der  Bluh- 
beginn  nur  3  Tage  friiher  als  1937  ein.  Die  beiden  „extremen"  Jahre  1940  uod 
1941  zeigen  wieder  das  bereits  diarakterisierte  erstaunlidie  Bild.  Es  ist  dodi 
immerhin  bemerkenswert,  dafi  1940  bei  einer  am  30.  4.  erreiditen  Temperatur- 
summe von  -351,5°  der  Bliihbeginn  bereits  am  8.  5.  eintrat,  wahrend  er  1941 
trotz  einer  weit  hoheren  Temperatursumme  am  30.  4.  (-47,1°)  bis  zum  23.  5.  auf 
sidi  warten  liefi.  Tab.  7  verstarkt  den  Eindrudc,  dafi  die  Temperatur- 
summe allein  nicht  der  ausschlaggebende  Faktor  fur  den 
Zeitpunkt  des  Bliihbeginns  sein  kann,  sondem  dafi  innere  Ursadien 
und  andere  meteorologisdie  Konstelladonen  mitspielen  mussen. 

Tabelle  7 

Die  ab  z.  z.  in  den  Jahren  Z937,  Z939»  X940  und  Z94Z  im  April  und  Mai  bis  sum 
Bliihbeginn  der  friihest  blilhenden  Sorte  erreichten  Temperatursummen  (^  C) 


Stichtag 

1937 

1939 

1940 

1941 

I.  4. 

—  0,8 

192,1 

—  586,5 

—  204,3 

10.  4. 

78,1 

257,7 

—  533,2 

— 167,3 

20.  4. 

167,6 

367,0 

—  47l>4 

—   96,4 

30.  4. 

241,7 

454,1 

—  351,5 

—   47,1 

2.  5. 

474,6 
Bliihbeginn 

5.  5. 

318,3 
Bliihbeginn 

7.  5. 

268,5 
Bliihbeginn 

10.  5. 

—       7,2 

20.  5. 

84,7 

22.  5. 

114,5 
Bluhbeginn 

Ober  einen  weiteren  Versudi,  in  diese  Verhaltnisse  Einblick  zu  erhalten,  unter- 
richtet  Tab.  8.  Die  hier  verzeidineten  Temperatursummen  beziehen  sich  1  e  d  i  g  - 
lich  auf  die  Zeit  vom  1.  4.  bis  zum  Bliihbeginn,  also  die  fiir  die 
Vorbereitung  der  Bliitenentfaltung  entscheidenden  Wodien.  Wie  Tab.  8  zeigt, 
sind  die  Temperatursummen  fur  1937  und  1940  praktisdi  gleich;  der  Wert  fiir 
1939  liegt  nicht  allzu  weit  davon  entfernt.  Das  Spatbliihjahr  1941  tanzte  wieder 
aus  der  Reihe.  Die  Temperaturmittel  in  der  Zeit  vom  1.  4.  bis  zum 
Bliihbeginn  in  den  Jahren  1937,  1939  und  1940  differierten  nur  um  0,3,  0,2  bzw. 
0,5°.  Das  Jahr  1941  wies  wieder  ein  abweichendes  Verbal  ten  auf.  Das  Tempe- 
raturmittel fiir  die  Zeit  vom  1.  4  bis  zum  Bliihbeginn  lag  mit  3,1°  weit  unter  den 
Werten  fiir  die  anderen  Jahre.  Dagegen  wiesen  die  3  Wodien  vor  dem  Bliihbeginn 
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em  leraperaturmittei  aur,  aas  immernin  einigcrmaDen  an  aic  wcrcc  rur  uic  z-ci^ 
vom  1.  4.  bis  zum  Bluhbeginn  der  anderen  Beobaditungsjahre  heranreidit. 

Tabelle  8 

Temperatursummen  und  Temperaturmittel  in  der  Zeit  vom  z.  April  bis  zum 

Biahbeginn  der  frahest  biahenden  Sorte  in  den  Jahren  Z937*  Z939,  Z940  und  194^ 


1937 

1939 

1940 

1941 

Zcit      Temp.- 

Temp.- 

Temp.-    Temp.- 

Temp.- 

Temp.- 

Temp.- 

Temp.- 

Summe 

Mittel 

Summe     Mittel 

Summe 

Mittel 

Summe 

Mittel 

(°) 

n 

n       (°) 

(°) 

n 

n 

(°) 

1.  4. —  2.  5. 

282,8         8,8 

3.5. 

Hliihbeginn 

I.  4. —  5.5.    318,1 

9,1 

6. 5.    Bluhbeginn 

1.4.—  7.5. 

318,0 

8,6 

8.5. 

Bluhbeginn 

I.  4. — 22.  5. 

161,6 

3,1 

I.  5. — 22.  5. 

7,3 

23.5. 

Bluhbeginn 

Die  in  Tab.  8  eriauterten  Beobachtungsergebnisse  deuten  darauf  hin,  dafi  die 
jahreweiscn  Unterschiede  im  Bluhbeginn  der  Obstgeholze  weitgehend  auf  der  in 
den  entscheidenden  Wochen  vor  dem  Bluhbeginn  zugefuhrten  Warmemenge  und 
dem  Temperaturmittel  wahrend  der  Zeit  der  Entwicklungsbereitsdbaft  und  dem 
Zusammenwirken  beider  Faktoren  2u  beruhen  sdbeinen.  Die  gleidien  Erfahrungen 
warden  an  SuBkirschensamlingen  gewonnen  (Schmidt  1953).  Hinzu  kommt  sidber 
eine  gewisse  Temperaturschockwirkung,  da  sidb,  wie  gezeigt  wurde, 
der  Bluhbeginn  meist  nadi  einem  erheblichen  Temperaturansdeg  yollzog,  der  einer 
Periode  mit  deferen  Temperaturen  folgte.  Freilich  wird  man  immer  wieder  mit 
„Extrem]ahren"  redbnen  mussen,  in  denen  das  Zusammenspiel  der  meteorolo- 
gischen  Konstelladonselemente  gestort  ist.  Wenn  wir  hier  vor  dem  Ratsel  stehen, 
warum  die  Baume  fruh  bliihen,  obwohl  sie  es  „dieoredsch"  noch  nidit  durften 
(19401),  oder  warum  sie  trotz  gunsdgerer  meteorologisdier  Bedingungen  extrem 
spat  bluhen  (19411),  so  darf  man  wohl  annehmen,  dafi  innere,  vorwiegend  stoff- 
wechsel-  und  entwicklungsphysiologisdie  Faktoren  (Periodizitat)  hineinspielen, 
uber  deren  Wesen  und  Wirkung  nodi  nidits  bekannt  ist. 

Es  lohnt  sich,  weitere  langjahrige,  groB  angelegte  Versudbe  in  klimadsdi  moglichst 
unterschiedlldben  Gebieten  durchzufuhren,  um  neue  Erkenntnisse  uber  die  Bezie- 
hungen  zwisdben  Witterung  und  Obstblute  zu  gewinnen.  Die  meteorologischen 
und  phaenologischen  Beobachtungen  mufiten  durdi  entwicklungsgeschichtlidie  und 
biodiemische  Untersudbungen  erganzt  werden. 

V.  Die  relalive  Bluhzeil  der  nntenucfaleii  Sorten 

IDie  Feststellung  der  relativen  Bluhzeit  jeder  Sorte  in  den  ein- 
^elnen  Bluhjahren  erfolgte  nach  der  erstmals  von  Chittenden  (1911)  angewandten 
^ethode.  Er  benutzte  die  sehr  friih  bliihende  Sorte  Roter  Astrachan  als  „Angel- 
punkt"  und  besdmmte,  wieviel  Tage  spater  oder  friiher  als  bei  dieser  der  Bliih- 
1>eginn  der  anderen  in  Beobaditung  stehenden  Sorten  lag.  Bei  unseren  Unter- 
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als  Ausgangspunkt  Sie  war  zwar  nicht  die  fruhest  bliihende,  bluhte  aber  in  alien 
7  Beobaditungsjahren  uberhaupt  (vgl.  Tab.  4).  Fur  alle  Sorten  wurde  bestimmt, 
wieviel  Tage  friiher  oder  spater  als  beim  Pfirsichroten  Sommerapfel  der  Bluh- 
beginn  lag.  Aus  den  fur  die  einzelnen  Jahre  festgestellten  Abstanden  (in  Tagen) 
vom  Bliihbeginn  des  Pfirsidbroten  Sommerapf els  wurde  die  durchschnitt- 
liche  relative  Bluhzeit  jeder  Sorte  berechnet. 

Tab.  9  unterriditet  uber  die  relative  Bluhzeit  der  untersudbten  Sorten,  gemesseo 
am  durchschnittlidben  Abstand  ihres  Bliihbeginns  von  dem  des  Pfirsichroten  Som- 
merapfels.  Bevor  die  Tabelle  naher  erlautert  wird,  seien  einige  n  o  m  e  a  - 
klatorische  Bemerkungen  (Sdireibweise  und  Synonymik)  dazu  ge- 
stattet. 

Im  allgemeinen  wurde  die  ublidbe  pomologisdie  Sdireibweise  verwendet,  d.  h.  der 
Sortenname  in  ungekurzter  Form  angefiihrt  Dabei  wurde  nicht  nach  einem 
„Normalsdiema"  verfahren.  Eine  gewisse  Grundlage  bildete  das  sorgfaltig  aus- 
gearbeitete  Sortenverzeidinis  in  der  Arbeit  von  Rudorf,  Schmidt  und  Rombacb 
(1942).  Auslandische  Sorten,  soweit  sie  nicht  bereits  hinreidiend  gebraudilidie 
deutsdie  Namen  fiihren,  wurden  in  der  Originalsprache  geschrieben.  Im  einzelnen 
sei  noch  folgendes  bemerkt. 

Ob  es  Gravensteiner  von  „Taarnburg"  oder  „Taarnborg"  heifien  muB,  konnte  idi 
nicht  crniitteln;  Poenicke  (siehe  Lit-Verz.)  sdireibt  „Taarnburg".  Litauischer  Pep- 
ping und  Glogierowka  gelten  als  synonym.  Da  aber  die  mit  den  beiden  verschie- 
denen  Sortennamen  bezeichneten,  sonst  morphologisch  gleichen  Baume  unseres 
Sortiments  phaenologisdi  verschieden  reagierten  (vgl.  Tab.  9),  wurden  sie  getrennt 
aufgefuhrt.  Dunkelroter  Gravensteiner  und  Roter  Gravensteiner  sind  nach  Poe- 
nicke  (siehe  L]t.-Verz.)  selbstandige  Sorten.  Die  amerikanische  Sorte  Orleans  ist 
nicht  identisch  mit  Orleans-Rtte.,  die  amerikanische  Sorte  Astradian  nicht  mit 
Roter  oder  Weifier  Astrachan. 

Idi  bin  mir  bewuBt,  daB  ich  in  Tab.  9  die  „Schulregeln"  der  Nomenklatur  zuweilcn 
vcrletzt  habe;  aber  uber  viele  nomenklatorisdie  Fragen  wird  man  immer  streiten 
kdnnen.  SoUten  grobere  Fehler  unterlaufen  sein,  so  bin  ich  fiir  Kridk  dankbar.  - 
Wiederholt  war  von  der  abnorm  spaten  Bluhzeit  und  der  Zusammendrangung  der 
Bluhbeginnzeiten  im  Jahre  1941  die  Rede.  Es  war  zu  befurchten,  dafi  sich  diese 
Verhaltnisse  bei  der  Festlegung  der  rclativen  Bliihzeiten  in  Versdiiebungen  aufiem 
wurden,  die  Abweidiungen  vom  Durchsdinitt  der  Jahre  1935-1940  oder  den  aus 
der  Praxis  bekannten  Erfahrungen  bewirkten.  Aus  diesem  Grunde  wurden  die 
relativen  Bliihzeiten  der  Sorten  einmal  ohne,  zum  anderen  mit  Einbeziehung  des 
Jahrcs  1941  bestimmt.  Die  Ergebnisse  werden  in  Tab.  9  getrennt  angefuhrt  Die 
Reihenfolge  der  Sorten  in  dieser  Tabelle  riditet  sich  nadi  den  ohne  Einbeziehung 
des  Jahres  1941  errechneten  relativen  Bliihzeiten. 

Nach  der  durchschnittlichen  Anzahl  der  Tage  des  Bliihbeginns  der  jeweiligen 
Sorte  von  dem  des  Pfirsichroten  Sommerapfels  erhielt  jede  Sorte  von  beiden 
Kategorien  -  ohne  und  mit  1941  -  eine  „Rangzahl"  in  aufsteigender  Folge 
(Tab.  9).  Dabei  bekamen  die  Sorten  mit  gleichem  durchsdinittlidiem  Abstand  die 
gleiche  Rangzahl.  Mit  dieser  Methode  soUte  ermittelt  werden,  ob  sidi  nennens- 
wcrte  Verschiebungen  bei  Einbeziehung  des  Jahres  1941  ergeben  batten. 
Die  Durdisicht  der  Tab.  9  ergibt,  dafi  derartige  Verschiebungen  tatsadilidi  ein- 
getreten  sind.  Die  Anderung  der  durchschnittlichen  Abstande  bedingte  eine  Ver- 
schiebung  der  Rangfolge.  Die  Abstande  sind  bei  Einbeziehung  des  Jahres  1941 
uberwiegend   kleiner,  selten  grofier  als  bei  dessen  Nichtberiicksichtigung.   Dies 
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Tabelle  9 

Durchschnittlicher  Abstand  des  Blfihbeginns  der  untersuchten  Sorten 
vom  BlUhbeginn  des  Pfirsichroten  Sommerapfels 

Anmerkung:  Die  Striche  in  den  letzten  beiden  Spalten  besagen,  dafi  die  Baume 
der  betreffendeu  Sorte  im  Jahre  1941  nicht  gebluht  haben,  die  Punkte,  dafi  sie  in 
den  Frostwintern  1939/40  und  1940/41  zerstort  wurden. 


Zahl 

Ohne 

1941 

Mit 

1941 

Lfd. 

Sorte 

der 

Nr. 

Bliih- 

Abstand  Rang- 

Abstand  Rang- 

jahre 

(Tage) 

zahl 

(Tage) 

zahl 

I 

Roter  Astrachan 

5 

—  1,5 

I 

—  1,2 

I 

2 

Rivers'  Early  Peach 

7 

—  0,3 

2 

—  0,4 

3 

3 

Roter  Savstaholm 

7 

—  0,3 

2 

—  0,6 

2 

4 

Litauischer  Pepping 

7 

0,3 

3 

0,1 

4 

5 

Weifier  Astrachan 

7 

0,4 

4 

0,3 

6 

6 

Charlamowsky 

7 

0,5 

5 

0,4 

7 

7 

Savstaholm 

5 

0.7 

6 

0,2 

5 

8 

Weifier  Durchsichtiger 

7 

0,7 

6 

0,3 

6 

9 

Fiefiers  Erstling 

7 

1,0 

7 

1,0 

9 

10 

Macross 

5 

1,0 

7 

0,8 

8 

II 

Oranienapfel 

7 

1,1 

8 

1,0 

9 

12 

Joyce 

6 

1,4 

9 

1,2 

10 

13 

Ostpreufiischer  Kurzstiel 

5 

1,7 

10 

1,8 

13 

14 

Reders  Goldreinette 

6 

1,8 

IE 

1.7 

12 

15 

Glogierowka 

7 

2,0 

12 

1,4 

II 

16 

Ruhm  von  Kirchwarder 

7 

2,0 

12 

1,7 

12 

17 

Susanne  Fiefier 

7 

2,0 

12 

2,0 

15 

18 

Gravensteiner 

5 

2,0 

12 

» 

• 

19 

Antonowka 

7 

2,3 

13 

1,9 

14 

20 

Gragylling 

7 

2,3 

13 

1,9 

M 

:2I 

Gruner  Fiirstenapfel 

7 

2,3 

13 

2,1 

16 

22 

Henzens  Parmane 

7 

2,3 

13 

2,3 

17 

23 

Dunkelroter  Gravensteiner 

5 

2,5 

14 

2,0 

15 

24 

Odenwalder 

7 

2,5 

14 

2,1 

16 

25 

Regierungsrat  Loschning 

7 

2,5 

14 

2,3 

17 

26 

Wapella 

6 

2,6 

15 

1,7 

12 

27 

Biesterfelder  Reinette 

7 

2,7 

16 

2,4 

18 

28 

James  Grieve 

7 

2J 

16 

2,6 

20 

29 

Wagener 

6 

2,7 

16 

• 

• 

30 

Minister  v.  Hammerstein 

5 

2,8 

17 

• 

• 

31 

Antonowka  iVtpfiindig 

6 

3,0 

18 

2,3 

17 

32 

Feierabends  Tafelapfel 

7 

3,0 

18 

3,0 

23 

33 

Patten's  Greening 

7 

3,0 

18 

2,9 

22 

34 

Potts'  Samling 

7 

3,0 

18 

2,7 

21 

35 

Weixlbaumer 

6 

3,0 

18 

2,5 

19 

36 

Fraas'  Sommercalvill 

5 

3,2 

19 

3,2 

25 

37 

Leckerbissen 

4 

3,2 

19 

3,7 

30 

38 

Graf  Nostiz 

7 

3,3 

20 

3,0 

23 

39 

Rosenapfel  von  Woronesch 

7 

3,3 

20 

2,9 

22 

40 

Warner's  King 

4 

3,3 

20 

3,0 

23 

41 

Astrachan 

6 

3,4 

21 

3,0 

23 

4^ 

Keswick  Codlin 

7 

3,5 

22 

3,7 

30 

43 

Papierapfel 

7 

3,5 

22 

3,1 

24 

•ils 


(Fortsetzung) 


Zahl 

Ohne 

1941 

Mit 

1941 

Lfd. 

Sorte 

der 

Nr. 

Bluh- 

Ab'stand  Rang- 

Abstand  Rang- 

jahre 

(Tage) 

zahl 

(Tage) 

zahl 

44 

Suislepper 

7 

3,5 

22 

3,1 

24 

45 

Smith's  Cider 

3 

3,6 

23 

• 

■ 

46 

Creo 

5 

3,7 

24 

3,0 

23 

47 

Gelber  Richard 

7 

3,5 

24 

3,3 

26 

48 

Lord  Grosvenor 

5 

3,7 

24 

3,6 

29 

49 

Melba 

6 

3,7 

24 

3,5 

28 

50 

Oldenburg  (Duchess) 

7 

^a 

24 

3,3 

26 

51 

Reverend  Wilks 

7 

3,7 

24 

3,3 

26 

52 

Sponheimer  Flurapfel 

7 

3,7 

24 

3,1 

24 

53 

WeiBer  Klarapfel 

7 

za 

24 

3yl 

30 

54 

Antonowka  kamenitschka 

7 

33 

25 

3,1 

24 

55 

Dobry  Krestjanin 

6 

33 

25 

3,3 

26 

56 

Simirenkos  grune  Reinette 

7 

3,8 

25 

3,4 

27 

57 

Steirischer  Winterborsdorfer 

5 

3,8 

25 

3,6 

29 

58 

Ernst  Bosch 

7 

3,9 

26 

3,4 

27 

59 

Goldelschen 

5 

4,0 

27 

• 

m 

60 

Friiher  Victoriaapfel 

4,0 

^1 

3,9 

32 

61 

Linda 

6 

4,0 

27 

3,1 

24 

62 

Lodi 

6 

4,0 

27 

3,5 

2g 

63 

Molleskovs  Apfel 

6 

4,0 

^1 

3,7 

30 

64 

Neue  Goldparmane 

3 

4,0 

27 

• 

m 

65 

Rotfruchtiger  Suislepper 

6 

4,0 

27 

3,7 

30 

66 

Souvenir  de  Gloria 

6 

4,0 

27 

3,7 

30 

67 

Studnice 

5 

4,0 

27 

3,6 

29 

68 

Fameuse 

7 

4,1 

28 

3,7 

30 

69 

Hame 

4 

4,1 

28 

3,6 

29 

70 

Irischer  Pfirsichapfel 

4 

4,2 

29 

• 

• 

71 

Bismarckapfel 

7 

4,3 

30 

3,9 

32 

12 

Harberts  Reinette 

*• 

/ 

4,3 

30 

4,0 

33 

73 

Ohm  Paul 

*• 

/ 

4,3 

30 

3,9 

32 

74 

Sommerthorl 

3 

4,3 

30 

• 

• 

75 

Schoner  von  Bath 

6 

4,5 

31 

3,7 

30 

76 

Schoner  von  Nordhausen 

7 

4,5 

31 

3,9 

32 

11 

Trdika 

5 

4,5 

31 

4,0 

33 

78 

Zuccalmaglios  Reinette 

6 

4,5 

31 

• 

• 

79 

Goldreinette  Freiherr  v.Berlepsch 

6 

4,6 

32 

4,2 

35 

80 

Langtons  Sondergleichen 

6 

4,6 

32 

3,4 

27 

81 

Leonhards  Calvill 

6 

4,6 

32 

4,0 

33 

82 

Marie 

6 

4,6 

32 

4,1 

34 

83 

Wadenswiler  Rosenapfel 

6 

4,6 

32 

4,2 

35 

84 

Adersleber  Calvill 

7 

4,7 

33 

5,3 

46 

85 

Lobo 

4 

4,7 

33 

86 

Revaler  Birnenapfel 

5 

4,7 

33 

3.8 

31 

87 

Wachsmanns  Samling 

7 

4,7 

33 

4.3 

36 

88 

Zoete  Ermgaarde 

5 

4,7 

33 

— 

89 

Goldreinette  von  Blenheim 

6 

4,8 

34 

4,3 

36 

90 

Koniginapfel 

6 

4.8 

34 

3,6 

29 
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Tabelle  9 

(Fortsetzung) 

Zahl 

Ohne 

1941 

Mit 

1941 

Lfd. 

Sorte 

der 

Nr. 

Bluh- 

Abstand  Rang- 

Abstand  Rang- 

jahre 

(Tage) 

zahl 

(Tage) 

zahl 

91 

Lawfam 

6 

4,8 

34 

4,0 

33 

92 

Baumanns  Reinette 

7 

5,0 

35 

4,7 

40 

93 

Eprischapfel 

4 

5,0 

35 

4,0 

33 

94 

Grofiherzog  Friedrich  von  Baden               5 

5,0 

35 

• 

• 

95 

Kaiser  Wilhelm 

4 

5,0 

35 

• 

• 

96 

Milton 

7 

5,0 

35 

4,7 

40 

97 

Naundorfer  Gravensteiner 

5 

5iO 

35 

4,4 

37 

98 

Schillers  Rosenapfel 

5 

5,0 

35 

4,5 

38 

99 

Schoner  von  Boskopp 

7 

5,0 

35 

4,9 

43 

lOO 

Sommerzimtapfel 

4 

5,0 

35 

4,2 

35 

lOI 

Rival 

7 

5,1 

35 

4,7 

40 

102 

Ananasreinette 

5 

5,2 

36 

• 

• 

I03 

Cellini 

7 

5,2 

36 

5,3 

46 

i04 

Diana 

7 

5,2 

36 

4,6 

39 

I05 

Neuer  roter  Himbeerapfel 

6 

5,2 

36 

4,7 

40 

io6 

Yellow  Newtown  Pippin 

6 

5,2 

36 

4,5 

38 

I07 

Roter  Jungfernapfel 

7 

5,2 

36 

4,7 

40 

io8 

Sommerparmane 

■5 

5,2 

36 

4,8 

41 

I09 

Stirling  Castle 

5 

5,2 

36 

• 

• 

no 

Coulons  Reinette 

4 

5,3 

37 

4,7 

40 

III 

Fallawater 

7 

5,3 

37 

5,3 

43 

112 

Jersey  Sweeting 

4 

5,3 

37 

5,7 

50 

113 

Geflammter  Kardinal 

5 

5,4 

38 

• 

• 

114 

Ontario 

5 

5,4 

38 

• 

• 

115 

Jonathan 

7 

5,5 

39 

5,0 

43 

Ji6 

Kostlicher  von  Kent 

7 

5,5 

39 

4,9 

42 

117 

Limonenreinette 

5 

5,5 

39 

4,8 

41 

ii8 

Macprince 

5 

5,5 

39 

5,8 

51 

119 

Rudolfs  Zwiebelborsdorfer 

6 

5,5 

39 

4,9 

42 

T220 

Sobieski 

5 

5,5 

39 

• 

• 

121 

WeiBer  Sommercalvill 

5 

5,5 

39 

4,8 

41 

122 

Berner  Rosenapfel 

6 

5,6 

40 

5,0 

43 

123 

Graue  franzosische  Reinette 

5 

5,6 

40 

• 

• 

124 

Hawthornden 

5 

5,6 

40 

• 

• 

125 

Norfolk  Beauty 

3 

5,6 

40 

• 

• 

126 

Skrika 

3 

5,6 

40 

• 

• 

127 

Gelber  Bellefleur 

7 

5,7 

41 

5,1 

44 

128 

Gelber  Edelapfel 

5 

5,7 

41 

5,7 

50 

129 

Luiken 

7 

5,7 

41 

5,4 

47 

130 

Sommer-Ananasreinette 

7 

5,7 

41 

5,1 

44 

131 

Cortland 

6 

5,8 

42 

5,0 

43 

132 

Graue  Herbstreinette 

7 

5,8 

42 

5,4 

47 

133 

Graue  Kanada-Reinette 

6 

5,8 

42 

5,3 

46 

134 

Manks'  Kiichenapfel 

7 

5,8 

42 

5,3 

46 

135 

Ringstadtapple 

6 

5,8 

42 

5,3 

46 

136 

Rhode  Island  Greening 

5 

5,8 

42 

• 

• 

137 

Samling  von  Ecklinville 

7 

5,8 

42 

5,6 

49 

^11 


(Fortsetzung) 


Zahl 

Ohne 

1941 

Mit 

1941 

Lfd. 

Sorte 

der 

Nr. 

Bltih- 

Abstand  Rang- 

Abstand  Rang- 

jahre 

(Tage) 

zahl 

(Tage) 

zahl 

138 

Thomas  Rivers 

6 

5,8 

42 

5,5 

48 

139 

Duke  of  Devonshire 

7 

6,0 

43 

5,4 

47 

140 

Frtiher  englischer  Gewiirzapfel 

5 

6,0 

43 

• 

• 

141 

Hampus 

5 

6,0 

43 

5,2 

45 

142 

Hausmtitterchen 

5 

6,0 

43 

5,0 

43 

143 

Himbeerapfel  von  Hollowaus 

5 

6,0 

43 

5,0 

43 

144 

Longvilles  Samling 

7 

6,0 

43 

5,6 

49 

145 

Orleans 

7 

6,0 

43 

5,3 

46 

146 

Roter  Serinka 

5 

6,0 

43 

5,4 

47 

147 

Sommergewiirzapfel 

6 

6,0 

43 

5,3 

46 

148 

Matapfel 

7 

6,1 

44 

6,0 

53 

149 

Medina 

6 

6,1 

44 

6,3 

56 

150 

Kirke's  Nelson 

7 

6,2 

45 

5,8 

51 

151 

Stayman  Winesap 

5 

6,2 

45 

5,2 

45 

152 

Sweet  Mcintosh 

7 

6,2 

45 

5,3 

46 

153 

Titowka 

6 

6,2 

45 

5.3 

46 

154 

Etlins  Rcinette 

4 

6,3 

46 

5,4 

47 

155 

Poregaarde-Apfel 

7 

6,3 

46 

6,7 

60 

156 

Hofgartner  Braun 

6 

6,4 

47 

5,9 

52 

157 

Reinette  von  Ohio 

5 

6,4 

47 

• 

• 

158 

Arkansas  Black 

6,5 

48 

5,9 

52 

159 

Frau  Niemitz'  Reinette 

7 

6,5 

48 

5,9 

52 

160 

Kasseler  Reinette 

4 

6,5 

48 

• 

• 

161 

Peasgoods  Sondergleichen 

5 

6,5 

48 

6,0 

53 

162 

Fearns  Pepping 

6 

6,6 

49 

5.8 

51 

163 

Harvey s  Goldapfel 

6 

6,6 

49 

6,1 

54 

164 

Pfarrerapfel 

5 

6,6 

49 

• 

• 

165 

Prinzenapfel 

6 

6,6 

49 

5,1 

44 

166 

Roter  Herbstcalvill 

4 

6,6 

49 

5,7 

50 

167 

Wintergoldparmane 

6 

6,6 

49 

5,8 

51 

i68 

Allington  Pepping 

7 

6,7 

50 

6,3 

56 

169 

Grahams  Jubilaumsapfel 

7 

6,7 

50 

6,7 

60 

170 

Macoun 

7 

6,7 

50 

6,4 

57 

171 

Oelkofer  Pepping 

7 

6,7 

50 

5,5 

48 

172 

Rambour  Papeleu 

5 

6,7 

50 

6,4 

57 

173 

Redman 

7 

6,7 

50 

5,9 

52 

174 

Ribston  Pepping 

*• 

/ 

6,7 

50 

6,0 

53 

175 

Calvill  Franz  Kutscher 

5 

6,8 

51 

— 

— 

176 

Landsberger  Reinette 

4 

6,8 

51 

'• 

• 

^n 

Muskatreinette 

7 

6,8 

51 

• 

• 

178 

Reinette  de  Cuzy 

6 

6,8 

51 

6,0 

53 

179 

Roter  Stettiner 

6 

6,8 

51 

6.1 

54 

180 

Florianer  Pepping 

3 

7,0 

52 

• 

• 

]8i 

Gravensteiner  von  Taarnburg 

5 

7,0 

52 

5,7 

50 

182 

Griiner  Winterstettiner 

4 

7,0 

52 

• 

■ 

183 

Kleiner  Langstiel 

7 

7,0 

52 

6,3 

S6 

184 

Marienwerder  Gulderling 

6 

7,0 

52 

— 

378 


TabeUe  9 

(Fortsctzung) 


Zahl   Ohne  1941      Mit  1941 

fd. 

Sorte 

der 

r. 

Bltih-  Abstand  Rang-  Abstand  Rang- 
jahre  (Tage)   zahl  (Tage)   zahl 

(5    Reinette  de  Fauquemont 

\6    Wunder  von  Chelmsford 

(7    Rheinlands  Ruhm 

»    Rosilda 

(9    Champagner  Reinette 

K)    Gelber  Weinapfel 

n     Orleans-Reinette 

)2    Paragon 

)3     Madame  Lesans  Calvill 

)4    New  Yorker  Reinette 

>5     Dr.  Nansen 

>6    Early  Harvest 

7     Lansingburgh 

►8    Fiirst  Anatol  Gagarins  Reinette 

>9    Hambley's  Seedling 

Piotosh 

Rome  Beauty 

Kolvenbachs  Goldreinette 

Prinz  Eitel  Fritz 

Roxburry  Russet 

Burchardts  Reinette 

Scharlachrote  Parmane 

Schoner  von  Pontoise 

Signe  Tillisch 

Fall  Pippin 

Fink 

Mutterapfel 

Nitschners  Erdbeerapfel 

Purpurroter  Cousinot 

Fiirst  Bliicher 

Roman  Stem 

Winterbananenapfel 

Delicious 

Grimes  Golden 

SiiBer  Prinzenapfel 

Kernloser  von  Rotha 

Cox'  Orangen-Reinette 

Kanada-Reinette 

Mandelreinette 

Krugers  Dickstiel 

London  Pepping 
!6    Rote  Sternreinette 
!7    The  Houblon 

Danziger  Kantapfel 

Eifeler  Rambour 

Joseph  Musch 

Roter  Margaretenapfel 


n 

\2 

►3 

►4 

7 
»8 

•9 
o 

1 
2 
3 
4 
5 
6 

7 
8 

9 
o 
I 
2 

3 

4 


!8 
!9 
iO 


4 

7,0 

52 

• 

• 

6 

7,0 

52 

6,5 

58 

6 

7,1 

53 

6,5 

58 

7 

7,1 

53 

6,6 

59 

5 

7,2 

54 

• 

• 

5 

7,2 

54 

6,4 

57 

5 

7,2 

54 

6,6 

59 

6 

7,2 

54 

6.7 

60 

7 

7,3 

55 

6,9 

61 

7 

7,3 

55 

6,9 

61 

6 

7,4 

56 

6.3 

56 

6 

7,4 

56 

6,0 

53 

6 

7,4 

56 

5,6 

49 

7 

7,5 

57 

6,6 

59 

7 

7,5 

57 

6.9 

61 

7 

7,5 

57 

6,9 

61 

7 

7,5 

57 

7.0 

62 

5 

7,6 

58 

• 

• 

3 

7,6 

58 

7 

la 

59 

7,1 

63 

6 

7,8 

60 

— 

7 

7,8 

60 

7,1 

63 

6 

7,8 

60 

7,0 

62 

7 

7,8 

60 

7,0 

62 

3 

8,0 

61 

• 

• 

7 

8,0 

61 

7,3 

65 

6 

8,0 

61 

7,1 

63 

4 

8,0 

61 

6,2 

55 

7 

8,0 

61 

7,1 

63 

6 

8.2 

62 

6,3 

56 

5 

8,2 

62 

7,4 

66 

4 

8,3 

63 

7,2 

64 

6 

8,4 

64 

7,5 

67 

6 

8,4 

64 

7,1 

63 

6 

8,4 

64 

1» 

68 

7 

8,5 

65 

8,8 

76 

5 

8,6 

66 

• 

• 

5 

8,6 

66 

• 

• 

3 

8,6 

66 

• 

• 

4 

8,7 

67 

9.0 

n 

6 

8.8 

68 

7.8 

68 

5 

8,8 

68 

5 

8,8 

68 

• 

• 

7 

9,0 

69 

7,5 

67 

5 

9,0 

69 

7,4 

66 

4 

9,0 

69 

8,0 

69 

6 

9,0 

69 

8,0 

69 

m^ 


(Fortsetzung) 


Zahl 

Ohne 

I94I 

Mit 

1941 

Lfd. 

Sorte 

der 

Nr. 

Bluh- 

Abstand  Rang- 

Abstand  Rang- 

jahre 

(Tage) 

zahl 

(Tage) 

zahl 

232 

Roter  Wintertaubenapfel 

4 

9,0 

69 

• 

• 

i233 

Sweet  Delicious 

7 

9,0 

69 

8.3 

71 

234 

King  of  Tompkins  County 

6 

9,1 

70 

• 

• 

235 

Parkers  Pepping 

7 

9,3 

71 

3.3 

71 

236 

Rheinischer  Bohnapfel 

4 

9,3 

71 

7.5 

67 

237 

A'kero 

6 

9,5 

72 

7.8 

68 

238 

Smokehouse 

5 

9,5 

72 

8,2 

70 

239 

Gerald 

4 

9,6 

73 

7.5 

67 

240 

Red  Sauce 

6 

9,6 

73 

8.7 

75 

241 

Rheinischer  Winterrambour 

5 

9,6 

73 

■ 

■ 

242 

Roter  Eiserapfel 

4 

9,6 

73 

7.5 

67 

^43 

Stina  Lohmann 

6 

9,6 

73 

8,7 

75 

244 

Jakob  Lebel 

3 

9,7 

74 

s 

• 

245 

Rheinischer  Krummstiel 

5 

9,7 

74 

9.0 

77 

246 

Yellow  Newton 

5 

.  9,7 

74 

8,6 

74 

247 

Moseleisenapfel 

5 

9,8 

75 

9,0 

77 

248 

Roter  Adamsapfel 

7 

9,8 

75 

9,1 

78 

249 

Wahnschaftsapfel 

5 

9,8 

75 

• 

« 

250 

Wealthy 

6 

9,8 

75 

8.7 

75 

251 

Weifles  Seidenhemdchen 

5 

9,8 

75 

8,4 

72 

252 

Lady  Sudeley 

4 

10,0 

76 

• 

• 

^53 

New  King 

4 

10,0 

76 

• 

• 

254 

Eduard  VII. 

7 

10,1 

77 

9,6 

80 

255 

Koniglicher  Kurzstiel 

S 

10,1 

77 

10,1 

81 

256 

Sondergleichen  v.  Hubbardstone 

4 

10,2 

78 

• 

• 

257 

Immapfel 

4 

10,3 

79 

9,0 

77 

J258 

Peter  Smith 

4 

10,3 

79 

9.0 

77 

^59 

Ziitzener  Herrenapfel 

4 

10,3 

79 

8,5 

73 

260 

Englischer  Taubenapfel 

5 

10,5 

80 

8,6 

74 

261 

Ridge  Pippin 

5 

10,5 

80 

9,1 

78 

262 

Tioga 

3 

10,7 

81 

• 

■ 

263 

Gubener  Warraschke 

4 

11,0 

82 

9,5 

79 

264 

Sulinger  Griinling 

4 

11,0 

82 

• 

• 

265 

Cox'  Pomona 

6 

11,4 

83 

• 

• 

266 

Westfield  Seek-no-further 

4 

11,5 

84 

• 

• 

267 

Riesenboiken 

6 

11,6 

85 

10,1 

81 

^68 

Kaiser  Alexander 

5 

12,0 

86 

10,8 

82 

269 

Fruchtbarer  von  Frogmore 

4 

12,1 

K 

• 

• 

270 

Jonas  Hannes 

6 

14,5 

88 

p 

• 

271 

Red  Spy 

3 

14,7 

89 

• 

• 

erklart  sich  aus  der  starken  Zusammendrangung  der  Bluhbeginnperiode  1941, 
<lie  es  bewirkte,  da6  die  Bluhbeginntermine  der  uberwiegenden  2Lahl 
•der  Sorten  dem  Bluhbeginn  des  Pfirsichroten  Sommerapfels  naher  lagen 
als  in  den  anderen  Jahren.  Wenn  man  bedenkt,  da6  es  sich  bei  den  Ver- 
schiebungen  der  Abstande  vorwiegend  urn  Zehnteltage  handelt,  fallt  im  grofien 


J80 


und  allgemeinen  gesehcn  die  Anderung  der  Rangfolge  vielleicht  nicht  so  sehr  ins 
Gewidit.  AUerdings  zeigt  eine  nicht  unbetraditliche  Zahl  von  Sorten  starkere  Ab- 
weichungen  an  den  Abstanden  vom  Bliihbeginn  des  Pfirsichroten  Sommerapfels 
bei  der  Einbeziehung  des  Jahres  1941.  Hier  sind  u.  a.  zu  nennen  Antonowka 
lV«p£undig(Nr.  31),  Creo(Nr.  46),  Antonowka  kamenitsdika  (Nr.  54),  Langtons 
Sondergleichen  (Nr.  80),  Revaler  Birnapfel  (Nr.  86),  Koniginapfel  (Nr.  90),  Haus- 
mutterdicn  (Nr.  142),  Stayman  Winesap  (Nr.  151),  Gravensteiner  von  Taarnburg 
(Nr.  181),  Lansingburgh  (Nr.  197),  Nitschners  Erdbeerapfel  (Nr.  212),  Furst 
Blucher  (Nr.  214),  Grimes  Golden  (Nr.  218),  Rheinisdier  Bohnapfel  (Nr.  236), 
Zutzener  Hcrrenapfel  (Nr.  259). 
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Tage 

Abbildung  xy 

Vergleich  der  prozentualen  Verteilung  der  relativen  Bliihzeiten  bei  der  Berech- 
nung  ohne  (ausgezogene)  und  mit  1941  (gestrichelte  Linie).  Durchschnittlicher 
Abstand  des  Bluhbeginns  (in  Tagen)  von  dem  des  Pfirsichroten  Sommerapfels  (o). 


Der  Vergleidb  der  Ergebnisse  fiir  „ohne  1941"  und  „mit  1941"  zeigt  immerhin, 
daiS  ein  einziges  Jahr  mit  extrem  spatein  und  stark  zusammengedrangtem  Bluh- 
beginn  die  aus  6jahrigen  Beobachtungen  gewonnenen  Ergebnisse  modifizieren 
kann.  Dies  kommt  in  Abb.  17  sinnfallig  zum  Ausdruck,  in  der  ein  Vergleich  der 
prozentualen  Verteilung  der  Sorten  auf  die  relativen  Bliihzeiten  bei  der  Berech- 
nung  ohne  und  mit  Einbeziehung  des  Jahres  1941  gegeben  wird.  Im  groficn  und 
ganzen  haben  die  Kurven  einen  analogen  Aufbau.  In  beiden  Kurven  iiberwiegen 
die  Sorten  mit  mittlerem  Bliihbeginn,  und  die  Friih-  und  Spatbliiher  sind  in  der 
Minderzahl. 

Wie  bereits  erwahnt  wurde,  hat  Kobel  (1931)  auf  Grund  eigener  und  anderer  Er- 
fahrungen  eine  Zusammenstellung  der  Bliihzeiten  einer  grofien  Zahl  von  Apfel- 
sorten  gegeben.  Es  werden  friih,  mittelfriih,  mittelspat  und  spat  bliihende  Sorten 
unterscfaieden,  wobei  auch  Cberschneidungen  beriicksichtigt  werden.  Denn  manche 
Sorten  nahem  sich  in  ihrer  Bliitezeit  mehr  der  nachstfriiheren,  andere  der  nachst- 
spateren  Gruppe.  In  Kobels  Ltste  sind  die  mehr  nach  der  friiheren  Gnippe  nei- 
genden  Sorten  mit  einem  -,  die  nadi  der  liachstspateren  Gruppe  tvev^ttid^tv.  \XiV\. 
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einem  -\-  versehen.  Urn  zu  einer  derartigen  Gruppiening  der  Bluhzeiten  unseres 
Sortiments  2u  gelangen,  wurden  nach  sorgfaltigem  Vergleich  der  Bluhzeiten  gut 
bekannter  Sorten  auf  Grund  langjafariger  Erfahrungen  der  Praxis  alle  Sorten  mir 
einem  durdischnittlichen  Abstand  vom  Bliihbeginn  des  Pfirsichroten  Sommerapfels 
bis 

1,9  Tage  spater  der  Gruppe  fruh,  bis 

5,9  Tage  spater  der  Gruppe  mittelfnih,  bis 

9,9  Tage  spater  der  Gruppe  mittelspat, 

10  Tage  spater  und  dariiber  der  Gruppe  spat 

zugeordnet 

Von  den  in  Tab.  9  angefuhrten  Sorten  konnen  diejenigen,  welche  im  mehrjahrigeo 
Durchsdbnitt  (riiher  oder  nur  wenig  spater  als  Pfirsidiroter  Sommerapfel  gebluht 
haben,  als  sehr  friihbluhend  bezeichnet  werden.  Es  waren  dies  etwa  die 
Sorten  mit  der  Lfd.  Nr.  1-8.  Unter  Beriicksichtigung  des  Jahres  1941  konnen 
audi  die  Sorten  Nr.  15,  16,  18,  20  und  26  (?)  als  f  r  u  h  b  1  u  h  e  n  d  gelten. 

In  der  Gruppe  der  mittelfriih  bliihenden  Sorten  (2-5,9  Tage  Abstand) 
konnte  man  den  Sorten  Nr.  17,  21-25  und  27-35  ein  -  im  Sinne  KobeU  vcr- 
leihen,  unter  Beriicksichtigung  des  Jahres  1941  auch  den  Sorten  Nr.  38-41  und 
46(?). 

Die  Gruppe  der  mittelfriih  und  mittelspat  bliihenden  Sorten 
nimmt  den  Grofiteil  unseres  Sortiments  ein.  Ungeachtet  der  Tatsache,  dafi  dieses 
nicht  nach  bestimmten  Gesichtspunkten  zusammengestellt  wurde,  diirften  die  gici- 
chen  Verhaltnisse  wohl  auch  auf  das  Weltsortiment  (ausschliefilich  Species- 
bastarde)  zutreffen.  Das  tJberwiegen  der  mittleren  Bliihzeiten  bei  Apfelsorten  ist 
nach  meinen  genetischen  Untersuchungen  an  Apfelsamlingen  durchaus  verstand- 
lich  (vgl.  Schmidt  1947). 

Unter  unseren  Sorten  befindet  sich  auch  einc  Reihe  ausgesprochener  Spat- 
b  1  ii  h  e  r  (Tab.  9,  ab  Nr.  252).  Einige  mittelspat  bliihende  Sorten  kdnnten,  da 
sie  mehr  nach  der  spaten  Seite  neigen,  ein  +  erhalten.  Gerade  bei  den  Spatbluhem 
zeigt  sidi  die  stark  modifizierende  und  die  Klassifizierung  storende  Wirkung  der 
Einbeziehung  des  Jahres  1941.  Die  Zusammendrangung  der  Bliitenbeginnperiode 
kommt  hier  besonders  krafi  zum  Ausdruck.  Abb.  17  zeigt  deutlich,  wie  dadutdi 
besonders  die  Bliihbeginnabstande  der  Spatbliiher  reduziert  werden.  Eine  Reibe 
von  spat  bluhenden  Sorten  war  zudem  im  Winter  1940/41  eingegangen  oder  hatte 
1941  nicht  gebluht. 

Von  den  mit  EinschluB  des  Pfirsichroten  Sommerapfels  beobachteten  Sorten  er- 
wiesen  sich  unter  vorsiditiger  Anwendung  des  oben  angegebenen  Einteilungs- 
prinzips  als 

sehr  friih  3,3  Prozent,  friih  2,2  Prozeat, 

friih  bis  mittelfriih  7,7  Prozent,  mittelfriih  37,5  Prozent, 

mittelspat  36,0  Prozent,  mittelspat  bis  spat  5,9  Prozent, 

spat  7,4  Prozent. 

Kobel  (1931)  gibt  in  seiner  Zusammenstellung  aufier  vielen  anderen  eine  Reihe 
von  Apfelsorten  an,  die  auch  in  unserem  Sortiment  vertreten  stnd,  so  dafi  sich  eio 
Vergleidi  der  Ko^^Zschen  und  unserer  Klassifizierung  der  Sorten  nadi  ihrer  rela- 
tiven  Bliihzeit  anstellen  lafit. 

In  der  Gruppe  der  friihbluhenden  Sorten  ergab  sich  Obereinstimmung  bei  fol- 
gendco:  Roter  Astrachan,  Weifier  Astrachan,  Charlamowskj,  Rivers'  Early  Peadi, 
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Sorte,  konnte  nach  unseren  Feststellungen  auf  Grund  der  Cmttenden-Methodt  nur 
als  niittelfruh  bis  friih  eingestuft  werden,  well  er  in  den  Jahren  1935  und  1936 
5  bzw.  4  Tage  spater  als  Pfirsichroter  Sommerapfel  gebliiht  hat.  Bei  Kobel  ist  die 
Sorte  als  fruhbliihend  mit  einem  -  bezeidinet. 

Vom  Gravensteiner  ist  eine  Reihe  von  ,,Spielarten"  bekannt,  die  wohl  zweifellos 
SproBmutanten  darstellen.  Beim  Roten  Gravensteiner  ist  das  nachweislich 
bekannt  Nebel  (1929)  hat  verschiedene  Gravensteiner-Formen  zytologisdi 
untersucht  und  festgestellt,  daB  Kochs  Gravensteiner,  Gravensteiner  von 
Hesam»  Henzens  Gr.,  Gr.  von  Palaisar,  Roter  Gr.,  Gr.  von  Sabygard  und 
Schleibnitzer  Gravensteiner  triploid  wie  der  gewohnliche  Gravensteiner  sind.  Audi 
in  unserem  Sortiment  sind  Gravensteiner-Formen  vertreten.  Die  bekannteste 
Gravensteiner-Mutantc,  der  Rote  Gravensteiner,  ist  in  Tab.  9  nicht  angefiihrt,  da 
er  nur  in  2  Beobaditungs jahren  gebliiht  hat.  £r  begann  1939  einen  Tag  f ruber, 
1941  einen  Tag  spater  als  Pfirsichroter  Sommerapfel  zu  bliihen,  zeigt  also,  beson- 
ders  im  Hinblick  auf  Kobeh  Liste,  keine  Abweichung  gegeniiber  der  Ausgangs- 
sorte.  Audi  der  Dunkelrote  Gravensteiner  weist  nadi  unseren  Beobaditungen 
keine  wesentlidien  Untersdiiede  zum  Bliihbeginn  des  gewohnlidien  Gravensteiner 
auf.  Dagegen  verhielten  sidi  Naundorfer  Gravensteiner  (Tab.  9,  Nr.  97)  und 
Gravensteiner  von  Taarnburg  (Tab.  9,  Nr.  181)  in  ihrem  Bluhbeginn  ganzlidi 
anders.  Es  ist  durdiaus  moglidi,  daB  bei  den  beiden  letztgenannten  Gravensteiner- 
Formen  audi  fiir  die  Bliihzeit  verantwortlidien  Gene  mutativ  verandert  worden 
sind.  Roter  Savstaholm  CTab.  9,  Nr.  3)  und  Rotfriiditiger  Suislepper  (Tab.  9, 
Nr.  65)  verhielten  sidi  gegeniiber  den  Ausgangssorten  (Tab.  9,  Nr.  7  bzw.  Nr.  44) 
bliihphaenologisdi  praktisdi  gleidiartig. 

VL  ScUufibemerkungen 

Unseie  Untersudiungen  iiber  die  Beziehungen  zwisdien  Witterung  und  Bluhbeginn 
der  Apfelsorten  haben  erneut  die  Problematik  phaenologisdier  Beobaditungen  im 
Obstbau  und  ihren  Wert  fiir  die  Praxis  auf gezeigt.  Mit  verhaltnismaBig  geringem 
Arbeitsaufwand  kann  man  auf  diesem  Gebict  entwiddungsphysiologisdie  Studien 
betreiben,  die  fiir  den  praktisdien  Obstbau  wertvoll  sind,  aber  audi  theoretisdi 
interessante  Ergebnisse  bringen  konnen.  Wenn  audi  siebenjahrige  phaenologisdie 
Beobaditungen  an  271  Apfelsorten  gegeniiber  fruheren  Untersudiungen  einen 
Fortsdiritt  darstellen,  so  ist  dieser  nur  ein  Anfang  auf  neuen  Wegen.  Um  weitere 
Aufsdiliisse  iiber  die  Bedeutung  der  Temperatursummen  fiir  den  Bliihbeginn  der 
Obstgeholze  und  dessen  Jahresuntersdiiede  zu  erhalten,  miissen  weitere  lang- 
jahrige  Messungen  und  Beobaditungen  an  grofien  Sortimenten  in  klimatisdi  ver- 
sdiiedenen  Gebietcn  durdigefiihrt  werden.  Man  wird  dabei  auBer  der  Temperatur 
audi  andere  meteorologisdie  Verhaltnisse  beaditen  miissen,  wie  z.  B.  die  Luft- 
feuditigkeit  und  die  Bodentemperatur. 

Die  Methode  Chittenden  zur  Feststellung  der  relativen  Bliihzeit  der  Sorten  hat 
sidi  in  unseren  Untersudiungen  im  allgemeinen  bewahrt;  aber  audi  ihre  sdiwadien 
Seiten  traten  zutage.  Wie  erwahnt  wurde,  konnten  Abwcidiungen  von  Kobeh 
Zusammenstellung,  wenn  audi  nidit  in  erheblidiem  MaBe,  verzeidinet  werden. 
Kobel  (1931)  selbst  weist  darauf  hin,  daB  die  nadi  der  Methode  Chittenden  voa 
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verschiedenen  Beobachtern  an  unterschiedlichen  Standorten  und  in  versdiiedencn 
Jahren  ermittelten  Werte  nicht  immer  ohne  weiteres  verglichen  werden  konnen. 
Zu  den  jahres-  und  ortsweise  erheblichen  Schwankungen  kommen  andere,  durdi 
Unterlageneinfliisse,  Schnittmafinahmen  und  abnorme  Bliihjahre  hetvorgerufene 
Verschiebungen.  Audi  fiir  kiinftige  Beobachtungen  iiber  die  relative  Bliihzeit  von 
Obstsorten  gilt  es,  diese  Untersudiungen  an  mehreren,  lage-,  boden-  und  klima- 
mafiig  unterschiedlidien  Standorten  durchzufuhren.  Damit  wird  audi  ein  Bei- 
trag  zur  Sortenkunde  geleistet  werden  konnen ;  denn  die  Bliihzeit  gehort 
zur  Charakteristik  einer  Obstsorte. 
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veredlungen  von  Edelrosen 

Vergleichende  Untersuchungen  unter  besonderer  BeriicksichtiguDg 
des  Einflusses  verschiedener  Unterlagen  auf  den  Ertrag  bei  der 

Kultur  unter  Glas 

Aus  dem  Institut  fiir  Zicrpflanzenbau  der  Humboldt-Universitat 

Von  H.  Ruppredit,  Berlin 


Einleilung 

Die  Verbindung  zwcier  Pfropfpartner  und  die  damit  zusammenhangenden  phy- 
siologisdien  AuISerungen  der  Untetlage  und  in  erster  Linie  des  Edelreises  be- 
sdiaftigten  die  Menschen  seit  langem.  Inzwischen  hat  das  „Veredeln"  langst  seinen 
eigentlichen  Sinn  und  den  dem  Laien  gegeniiber  gern  erhaltenen  Nimbus  ein- 
gebuBt  und  ist  in  der  gartnerisdien  Praxis  zu  einer  alltaglichen  Vermehrungs- 
methode  geworden,  wie  sie  das  Stecken  von  Steckholzern,  das  Anhaufeln,  das 
Absenken,  das  Ablegen  usw.  mit  alien  ihren  Besonderheiten  eben  audi  nur  sind, 
wenn  audi  der  gesdiidcte  und  sidiere  Veredler  immer  nodi  ein  gesuditer  Fach- 
spezialist  geblieben  ist.  Die  Botaniker  haben  sidi  mit  den  Verwadisungsverhalt- 
nissen  der  Pfropfstelle  redit  eingehend  befaftt,  so  dafi  in  der  Literatur  diese  Ver- 
ofTentlidiungen  einen  beaditlidien  Umfang  einnehmen. 

Im  Laufe  der  wirtsdiaftlidien  Entwiddung  des  Gartenbaues  ist  die  Edelreis- 
Unterlage-Kombination  zu  einem  okonomisdien  Faktor  allerersten  Ranges  gewor- 
den, der  Wissensdiaft  und  Praxis  in  starkem  MaGe  besdiaftigte.  Die  Verbindung 
einer  bestimmten  Edelsorte  mit  einer  speziellen  Unterlage  spielt  vor  allem  im 
Obstbau  eine  bedeutende  Rolle.  Kein  Wunder,  dafS  man  besonders  auf  diesem 
Fadigebiet  zahlreidie  sehr  eingehende  Untersudiungen  angestellt  hat,  die  sidi  mit 
der  gegenseitigen  Beeinflussung  von  Edelreis  und  Unterlage  hinsichtlidi  Zeit- 
punkt,  Hohe  und  Qualitat  des  Ertrages,  Ertragsrhythmus,  Lebensdauer,  Winter- 
harte,  Vertraglidikeit  u.  v.  a.  m.  besdiaftigen.  Fiir  den  Zierpflanzenbau  sind  ahn- 
lidie  Arbeiten  bei  weitem  nidit  vorhanden,  aber  audi  hier  hat  das  Problem  der 
gegenseitigen  Beeinflussung  von  Edelreis  und  Unterlage  eine  kaum  geringere 
Bedeutung.  Man  denke  dabei  nur  an  die  Zierpflanzenkulturen,  die  sidi  mit  der 
Treiberei  oder  Kultur  unter  Glas  von  Geholzen  zur  Sdinittblumengewinnung 
besdiaftigten.  Hier  kommt  es  ebenfalls  auf  die  okonomisdie  Ausnutzung  der  ein- 
gesetzten  hohen  tedinisdien  Mittel  an. 

Allein  sdion  aus  der  wirtsdiaftlidien  Bedeutung  heraus,  die  die  Transplantation 
fiir  den  Gartenbau  besitzt,  ware  der  Umfang  des  bereits  vorhandenen  Sdirifttums 
2u  reditfcrtigen.  Vieles  ist  geklart,  aber  neue  Probleme  sind  hinzugekommen.  Die 
Erkenntnisse  und  die  darauf  fuf^enden  Theorien  vcrmitteln  uns  ein  ansdiaulidies 
Bild  vom  Gesdichen  im  pflanzlidien  Organismus  nadi  einem  diirurgisdien  Ein- 
grifT,  wie  ihn  eine  Pfropfung  darstellt.  Letzten  Endes  sind  wir  jedodi  iiber  die 
inneren  Ursadien  der  Ertragssteigerung  oder  -minderung,  der  Verlangerung  oder 
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Bliihwilligkeit  einer  Edelsorte  eine  Sorteneigenschaft  ist,  die  durch  geeignete  Un- 
terlagen  in  positiver  oder  negativer  Ridbtung  bednflufit  werden  kann  (s.  Tab.  2, 
S.  420).  Die  fiir  den  praktischen  Betrieb  wirtsdiaftlidiste  Unterlage  erfordect  nebea 
dem  ho  hen  materiel  len  Aufwand  immerhin  eine  langjahrige  Beobachtung  veredel- 
ter  Pflanzen.  Die  morphologisdien  und  physiologischen  Ersdieinungen  der  Edel- 
sorte und  der  Unterlage  im  besonderen  als  selbstandige  Individuen  geben  uns 
keinen  Aufschlufi  iiber  das  kiinftig  zu  erwartende  Verhalten  nadi  ihrer  Symbiose. 
Es  sei  nur  an  Falie  des  praktischen  Obstbaues  erinnert,  wo  an  sich  stark  und 
iippig  wadisende  Unterlagenformen  oder  -typen  nach  Vcrediung  mit  Edelsorten 
doch  schwachwachsende  Baume  ergeben.  DaG  die  Unterlage  iiberhaupt  einen 
EinfluG  auf  die  Edelsorte  ausiibt,  ist  hinreichend  bekannt  und  bewiesen,  entgegen 
von  Beobachtungen  audi  neueren  Datums,  die  eine  Beeinflussung  durch  die  Un- 
terlage zu  leugnen  sdieinen  (z.  B.  SODING  70). 

Die  Untersuchungen  zur  vorliegenden  Arbeit  wurden  in  den  Jahren  1939-1941 
im  ehemaligen  Institut  fiir  Gartnerischen  Pflanzenbau,  dem  Vorlaufer  dcs  jetzigen 
Instituts  fur  Zierpflanzenbau  der  Humboldt-Universitat  durchgefuhrt  Sie  mufiten 
durch  das  Kriegsgeschehen  vorzeitig  abgebrochcn  werden,  so  daB  nur  die  anato- 
mischen  Untersuchungen  des  Holzteils  beriicksichtigt  und  der  Rindenteil  nidit 
einbezogen  werden  konnte.  Versuche,  in  die  Stoffwediselvorgange  zwischen  den 
Kombinationen  de^  verschiedenen  Pfropfpartner  tiefer  einzudringen,  mufiten  aus 
den  gleichen  Griinden  unterbleiben.  Bereits  vorhandenes  Material  ging  durdi  das 
Kriegsgeschehen  verloren.  Die  Untersuchungen  konnten  infolge  des  Neuaufbaues 
des  Instituts  noch  nicht  wieder  aufgegriffen  werden. 

Anlafi  zu  diesen  Arbeiten  gaben  die  aus  einer  Versuchspflanzung  des  friiheren 
Instituts  erhaltenen  mehrjahrigen,  nahezu  konstanten  Ertragsunterschiede  bei  der 
Kultur  von  Edelrosen  unter  Glas.  Die  Rosen  waren  in  mehreren  Sorteh  auf  5 
verschiedenen  Rosenunterlagen  veredelt  und  zur  Feststellung  besonders  ihrer  Er- 
tragsleistung  nach  der  friiher  gebrauchlichen  Feldversuchsmethodik  in  vierfadier 
Wiederholung  aufgepflanzt  und  ausgewertet  worden.  Die  durdischnittliche  Jahres- 
leistung  aus  einem  fiinfjahrigen  Mittel  sind  in  Tabelle  2  wiedergegeben,  die  aus 
unveroflFentlichtem  Material  stammt. 

Bei  den  Untersuchungen  wurde  von  der  Annahme  ausgegangen,  dafi  sich  so  be- 
achtliche  physiologischc  AuCerungen  der  Pflanze,  wie  sie  ohne  Zweifel  diese  deut- 
lichen  Ertragsunterschiede  darstellen.  moglicherweise  im  anatomischen  Aufbau 
widerspiegeln  konnten.  Deshalb  sollten  die  bisherigen  Ergebnisse  uber  die  an 
anderen  Objekten  festgestellten  Verwachsungsvorgange  in  vergleichenden  Unter- 
suchungen bei  Edelrosenveredlungen  nachgepriift  werden. 

Zu  klaren  war  bei  dieser  Aufgabe  noch  die  von  der  gartnerisdien  Praxis  oft 
gestcllte  Frage,  worauf  die  mandimal  starken  Ausfalle  bei  Winterveredlungen  der 
Rosen  auf  bcstimmten  Unterlagen  beruhen  (7,50).  Wegen  dieser  Ausfalle  wird 
die  Handvercdlung  im  Winter  von  vielen  Praktikern  -  soweit  dies  auf  Grund 
der  verwendcten  Unterlage  iiberhaupt  moglich  ist  -  abgelehnt  und  die  Okulation 
im  Sommer  vorgezogen.  Aus  der  praktischen  Tatigkeit  des  Verfassers  waren  aller- 
dings  das  iibliche  Mafi  iiberschreitende  Ausfalle  nicht  in  Erinnerung,  so  dafi  eine 
rein  gartenbaulich-arbeitstechnisch  irgendwie  unsachgemafie  Behandlung  vermutet 
v\urde.  Haufig  bezeichnet  man  diese  Erscheinung  auch  als  Nichtannehmen  dcs 
Reises  durch  die  Unterlage,  wozu  immerhin  eine  gewisse  Berechtigung  wegen  des 

JB6 


von  dcr  Veredlungss telle  her  absterbenden  Keises  vorhanden  ist,  wahiend  die 
Uncedage  zunadist  kraftig  weiterwachst.  Sie  sollte  sidi  im  Laufe  der  Uncersudiun- 
gen  ak  heimtuckische,  gefahrliche  Filzkrankheit  erweisen,  die  die  Durchfuhning 
der  gestellten  Aufgabe  an  cincm  Teil  des  Materials  aufierst  schwiecig  gestaltete. 
In  aaderen  Fallen  kann  das  Niditgelingen  der  Veredlung  jedoch  durchaus  auf 
eine  gewisse  Unvertraglidikeit  der  Pfropfpartner  zuruckgefiJhrt  weidea,  besondecs 
wenn  es  sidi  um  die  Pfropfung  von  Edelsortcn  mit  „Pernctiana-Erbgut"  auf  Ro»a 
manettii  handelt. 


Abbi  Idling 


Der  in  der  wissenschaftlichen  Pflanzenchirurgie  gebrauchliche  Begriff  der  Trans- 
plantation, der  die  kiinstlichen  Eingriffe  experi  men  teller  und  praktischer  Art  in 
itirer  Gesamtheit  utnfaBt,  wird  bei  diesei  Abhandlung  durch  den  in  der  gart- 
nerischen  Praxis  iiblidien  Begriff  der  ..Veredlung"  oder  ..Pfropfung"  ersetzt.  Des- 
j;leichen  werden  fur  beide  Pfropfsymbionten  die  scharfer  trennenden  Begriffc 
,.Reis"  oder  „Edelreis"  einerseits  und  .,UnterIage"  andererseits  beibehalten.  Da 
das  Reis  bei  diesen  Untersudiungen  fast  aussdilieiJiich  sdiwachcr  war  als  die  Un- 
terlage  und  die  angewandte  Pfropfmethode  der  Kopulation  das  Aufeinander- 
passen  beider  Kambien  mindestens  auf  einer  SeJte  vorscbreibt,  mufi  im  folgcndcn 
zwischcn  dner  passenden  und  einer  nicht  passenden  Seite  untersdiieden  werden. 
Die  engere  Tedinik  beim  Kopulieren  bringt  es  mit  sich,  wenn  Reis  und  Un- 
terlage  beim  Verbinden  von  der  linken  Hand  gehalten  werden,  da  das  Reis  stets 
auf  die  linke  Seite  des  Kopu I ationssch nitres  der  Unterlage  gesetzt  wird,  um  einem 
Verschieben  wahrend  dieses  Arbeitsvorganges  vorzubeugen.  Der  Druck  des  Bast- 
fadens  gewahrleisCet  auf  dicse  Weise  den  gutcn  Sitz  des  Reises.  Um  Irrtumcr  und 
Unklathuitcn  auszusdilieBen,  wird  dahcr  in  nachstehendcn  Erortcrungen  stets  die 
Seite,  auf  der  die  Kambien  beider  Pfropfpartner  sich  gegcniiberliegen,  als  die 
linke  Seite,  die  andere  Seite  demcntsprediend  als  die  r e ch  t e  Seite  bezeidinet 
(Abb.  1),  audi  wenn  Form  und  Gestalc  der  Kopulanten  einmal  eine  umgekehrtc 
Handhabung  erforderlidi  maditen.  Unter  Zweitholz  soil  alles  nadi  dem  Veredeln 
entttandene  Holz  bzw.  Gewcbe  verstanden  werden.  Folgeriditig  ist  dann  alios 
vor  dem  Veredeln  vorhandene  Gewebe  als  Erstholz  zu  bezeidinen. 


1.  meinoaiK  una  lecnniK  aer  uniergaciiDiigen 

Die  Entstehungsgeschichte  dieser  Untersuchungen  lieC  von  vornherein  erkennen, 
daG  man  nut  mit  Hilfe  umfangreichen  Materials  zu  brauchbaren  Ergebnissen 
wijrde  kommen  konnen.  Die  im  Institut  verwendeten  Unterlagen  Rosa  manettii 
hort.,  R.  odorata  Sweet*,  R.  canina  L.,  die  zu  den  Edelcanina  zahlende  R.  can. 
Senff  und  R.  rubiginosa  L.  sollten  in  die  Untersuchungen  einbezogen  werden. 
R.  rubiginosa  L.  schied  wegen  ihrer  geringen  Bedeutung  fiir  die  Rosenkultur 
unter  Glas  aus.  An  ihre  Stelle  trat  die  in  j lingerer  Zeit  von  einigen  Rosenbauern 
wegen  ihrer  hohen  Ertragsleistung  stark  beachtete  R.  pollmeriana  horL,  die  aus 
einer  Kreuzung  zwischen  R.  canina  und  R.  setigera  entstanden  sein  soil.  (53,  77.) 
Exakte,  wissenschaftlich  fundierte  Zahlen  fehlen  hier  vorlaufig  noch,  doch  sind 
wohl  solche  aus  der  Praxis  bekannt.  Diese  5  Unterlagen  wurden  mit  2  Sorten  ver- 
edelt:  Der  im  Versuch  des  Instituts  vorhandenen  „Geheimrat  Duisbcrg",  einer 
gelben  Sorte,  und  der  in  den  letzten  Jahren  in  den  Hausrosenkulturen  wegen  ihrer 
guten  Eigenschaften  viel  angebauten  roten  Sorte  „Better  Times". 

Die  Reiser  wurden  fiir  beide  Sorten  von  je  einem  einzigen  Beet  eines  Rosenhauses 
in  einem  Berliner  Gartenbaubetrieb  gewonnen.  Sie  waren  durch  diesen  eng 
begrenzten  Raum  moglichst  unter  gleichen  Umweltsbedingungen  gewachsen. 
Aufierdem  war  Wert  darauf  gelegt  worden,  da6  bei  der  Entnahme  der  Reiser 
auch  ihre  Stellung  auf  der  Mutterpflanze  beriicksichtigt  wurde,  daG  also  vor  allem 
keine  Bodentriebe  oder  in  Bodennahe  entstandenen  Triebe  fiir  den  Reisersdinitt 
Verwendung  fanden,  deren  Ernahrungszustand  erhebliche  Unterschiede  aufwcisen 
muG.  Es  wurde  also  nach  gartnerischcn  Gesichtspunkten  alles  versucht,  nach 
Moglichkeit  physiologisch  gleichwertige  Edelreiser  zu  benutzen. 

Bei  der  Wahl  der  Unterlagen  war  man  auf  die  handelsiiblichc  Ware  angewiesen, 
die  bei  R.  canina  und  ihren  beiden  Abkommlingen  R.  can.  Senff  und  R.  pollme- 
riana in  vortrefflicher  Giite  von  einer  holsteinischen  Baumschule  geliefett  wurden. 
Die  ausschliefilich  fiir  Hausrosenkulturen  verwendeten  R.  odorata  und  R.  manettii 
stammten  aus  einer  westdeutschen  Baumschule.  Die  Manettii-Unterlage  sdiien 
unter  dem  harten  Dezemberfrost  1938  etwas  gelitten  zu  haben.  Nach  Ausscheiden 
des  geringfiigigcn  Ausfalles  trieben  sie  aber  nach  dem  Eintopfen  ausgezeichnet 
Wurzeln,  und  auch  das  Stammstiick  zeigte  keine  weiteren  Schadigungen.  Sanitlicbe 
Unterlagen  befanden  sich  in  unbelaubtem  Zustand. 

Das  Eintopfen  der  Unterlagen  in  9-cm-T6pfe  (sog.  Hyazinthentopfe)  begann  am 
7.  11.  1939  mit  R.  manettii,  wurde  am  8.,  9.  und  10.  11.  mit  R.  odorata,  R.  can. 
Senff  und  R.  pollmeriana  fortgesetzt  und  endete  am  13.  11.  mit  R.  canina.  Die 
eingetopften  Unterlagen  wurden  im  Gewachshaus  bei  +12°C  gehalten.  Nadi 
8  Tagen  schon  begannen  sie  weifie  Wurzelspitzen  und  gleichzeitig  die  Augen  gelb- 
griine  Spitzen  zu  zeigen,  ein  Zeichen,  dafi  die  Wachstumstatigkeit  der  Pflanzen 
einsetzte.  Nach  Noack-Kallauch  (50)  soil  dieser  Zeitpunkt  erst  nach  2-3  Wochen 
eintreten,  und  damit  der  Augenblick  zur  Veredlung  gekommen  sein.  Die  Hinhal- 
tung  der  als  Hochstgrenze  angegebenen  Zeitspanne  ist  nach  eigenen  Erfahningen 
nicht  notwendig.  Man  kann  auch  mit  demselben  Erfolge  erst  die  Veredlung  vor- 
nehmen  und  dann  eintopfen  oder  sofort  nach  dem  Eintopfen  veredeln.  Es  wurde 

*  R.  odorata  lauft  haufig  unter  ihrem  Synonym  R.  indica  major.  Da  auch  im 
..Dictionary  of  Gardening",  Oxford  I95i  diese  Rose  unter  R.  odorata  gefuhrt 
wird,  wurde  diese  Benennung  beibehalten. 


JSS 


crotzaem  aie  zuersc  genannte,  in  aer  uartenoaupraxis  am  naungsten  geubte 
Methode  angewandt. 

Am  15.  11.  wurde  die  Sorte  „Geheimrat  Duisberg"  auf  R.  manettii,  am  16.  11. 
auf  R.  odorata  und  R.  can.  Senff,  am  17.  11.  auf  R.  pollmeriana  und  R.  canina  ver- 
edelt.  Am  22.  11.  folgte  die  Veredlung  von  „Better  Times"  auf  R.  manettii,  am 
23.  11.  auf  R.  odorata  und  R.  can.  Senff  und  am  24.  11.  auf  R.  pollmeriana  und 
R.  canina.  Die  Veredlungen  mufiten  von  e  i  n  e  m  Veredler  in  moglichst  kurzer 
Zeit  bewaltigt  werden.  Der  zeitliche  Unterschied  mufite  in  Kauf  genommen  wer- 
den,  um  Verschiedenheiten  in  der  Ausfiihrung  der  Veredlung  selbst  auszuschalten,. 
was  bei  mehreren  Veredlern  nicht  ohne  weiteres  gewahrleistet  gewesen  ware.  Als 
Veredlungsart  wurde  die  bei  der  Winterveredlung  der  Rosen  bestens  bewahrte 
Kopulation  bestimmt.  Das  Pfropfen  hinter  die  Rinde  ergibt  keine  dauerhafte  Ver- 
edlung, und  das  GeififuBpfropfen,  bestimmt  die  sicherste  und  beste  Veredlungsart 
bei  grofien  Unterschieden  von  Reis  und  Unterlage,  wird  von  der  Praxis  wegen 
angeblich  starker  Neigung  zur  Wurzelbildung  aus  dem  unteren  Teil  der  Ver- 
edlungsstelle  heraus  abgelehnt.  Diese  Erscheinungen  zu  ergriinden,  ware  einer 
weiteren  Untersuchung  wert.  Die  Okulation  fallt  in  eine  andere  Jahreszeit  und 
wird  zudem  von  R.  manettii  nicht  oder  sehr  schlecht  angenommen. 

Zur  Technik  der  Veredlung  selbst  sei  nur  kurz  erwahnt,  dafi  bei  der  Winterver- 
edlung der  Rosen  Reiser  mit  einem  voll  ausgebildeten,  aber  nodi  nicht  durch- 
getriebenen  Auge  verwendet  werden  und  Ihnen  das  Blatt  nach  Einkiirzung  auf 
das  untere  Fiederpaar  belassen  wird.  Der  Kopulationssdinitt  wird  auf  der  Seite 
des  Blattes  ausgefiihrt  und  beginnt  etwa  1  cm  unter  dem  Blatt  (vgl.  Abb.  9). 
Das  Reis  wird  iiber  dem  Blatt  etwa  1-1,5  cm  abgetrennt.  Die  Veredlungen  kom- 
fiien,  ohne  mit  Baumwachs  verstrichen  zu  werden,  in  cinen  mit  Friihbeetfenstern 
abgedeckten  Vermehrungskasten  im  Gewadishaus.  Sie  brauchen  eine  gleichmafiige 
Bodenwarme  von  etwa  +23^C,  eine  Lufttemperatur  von  -i-20°C  und  eine  hohc 
Luftfeuchtigkeit.  Die  weitere  Behandlung  der  Kopulate  erfolgte  nach  den  im 
Gartenbau  bekannten  Mafinahmen.  Bereits  6  Tage  nach  der  Veredlung  zeigten 
sich  die  ersten  Anzeichen  des  Durchtriebes  der  Augen.  Nach  weiteren  6  Tagen 
>varcn  sie  verhaltnismafiig  gleichmal^ig  durchgetrieben.  Erhebliche  Unterschiede 
bzgl.  der  Unterlagen  waren  audi  jetzt  auf  Grund  der  im  Reis  vorhandenen  Re- 
servestoffe  noch  nicht  zu  erwarten.  Zur  gegebenen  Zeit  wurden  die  Pflanzen  an 
Luft  gcwohnt,  zwecks  kraftigen  Aufbaues  gestutzt  und  auseinandergeriickt,  wieder 
bis  an  den  Topfrand  in  Torfmull  eingefiittert  und  mit  verrottetem  Stalldung  bc- 
deckt,  schliel^lich  in  bestimmten  Abstanden  mit  den  iiblichen  Mengen  Blutmehl, 
Knochenmehl  und  schwefelsaurer  Kalimagnesia  gediingt.  Sie  erfuhren  keine  an- 
dere als  die  in  der  Praxis  iibliche  Behandlung.  Schlieftlich  wurden  sie,  weil  sie 
nicht  wie  unter  normalen  Umstanden  zur  weiteren  Kultur  im  Haus  ausgepflanzt 
werden  sollten,  Mitte  Juni  in  12-cm-T6pfe  verpflanzt,  in  einem  Gewadishaus  auf 
ein  behelfsmafiig  hergerichtetes  Grundbeet  gebracht,  eijigesenkt  und  mit  verrotte- 
tem Dung  abgedeckt.  Hier  blieben  sie  bis  zu  ihrer  jeweiligen  Entnahme. 

Es  wurden  insgesamt  rund  1500  Unterlagen  veredelt.  Auf  die  vorhandenen 
10  Kombinationen  entfallen  also  je  150  Veredlungen.  Da  zur  Sicherung  des  ge- 
fundenen  Tatbestandes  bei  jeder  Entnahme  4  Pflanzen  als  notwendig  erachtet 
wurden,  konnte  man  also  unter  Beachtung  eines  gewissen  Ausfalles  mit  35  Proben- 
entnahmen  bis  zum  Herbst  redinen.  Die  Entnahmen  regelten  sich  vom  Vered- 
lungstermin  an  bis  Oktober  folgendermafien :  Die  erste  Pflanzenentnahme  erfolgte 
jewel  Is  am  2.  Tage  nach  der  Veredlung,  daran  schlossen  sich  15  Entnahmen  in 
zweitagigen  Abstanden,  um  den  Beginn  der  Kallusbildung  und  die  Verhaltnisse 


Die  nachsten  4  Entnahmen  wurden  in  Abstanden  von  4  Tagen  vorgenommen.  Urn 
diese  Zeit  entwickclte  sich  der  Austrieb  des  Reises  bereits  kraftig.  In  der  weiteren 
Folge  wurden  achtmal  in  ?tagigen  und  siebenmal  in  14tagigen  Zwischenraumen 
Pflanzen  entnommen.  Der  Rest  der  noch  vorhandenen  Pflanzen  folgte  in  einem 
Abstand  von  4  Wochen  in  der  Zeit  von  Mitte  bis  Ende  Oktober. 

Die  entnommenen  Pflanzen  wurden  bis  auf  wenige,  die  zu  Frischuntersuchungen 
•dienten,  nach  Protokollierung  ihres  augenblicklichen  Zustandes,  und  nachdem  sie 
mit  Nummern  versehen  waren,  in  60prozentigem  Alkohol  konservicrt.  Hierzu 
wurde  nur  die  Vcredlungssteile  selbst  genommen;  das  Wurzelsystem  und  die 
Triebe  oberhalb  der  Veredlung  wurden  vorher  entfernt. 

Dieses  Material  wurde  mittels  eines  Jungschen  Schlittenmikrotoms  mit  eincr 
Schnittdicke  von  30-40  ^  geschnitten.  Ein  Mikrotom  anderer  Konstruktion,  das 
fiir  diesen  Zweck  diinnere  Schnitte  erlaubt  hatte,  stand  nicht  zur  Verfiigung.  Das 
Aufschneiden  mit  dem  Mikrotom  erwies  sich  als  notwendig,  um  gleichmafiig  didce 
Quer-  und  Langsschnitte  zu  erhaltcn,  die  oft  uber  relativ  grofte  Flachcn  hinweg- 
zufiihren  waren,  ganz  besonders  aber,  wenn  es  sich  um  R.  odorata  als  Unterlage 
liandelte.  Trotz  mehrstiindigen  Kochens  in  Glyzerin  und  Wasser  im  Mischungs- 
verhaltnis  7:3  wiesen  gerade  die  durch  Steckholz  gewonnenen  Untcrlagen  R.  ma- 
nettii  und  R.  odorata  cine  unangenehme  Harte  und  Sprodigkeit  auf  und  bcreiteten 
'beim  Schneiden  erhebliche  Schwierigkeiten.  Auffallend  unangenehm  in  diesem 
Sinne  machten  sich  die  durch  Pilzbefall  abgetoteten  Stiicke  bemerkbar.  Dem  eben 
erwahnten  Kochen  wurde  das  ganze  Material  unterworfen,  was,  wic  nidit  anders 
zu  erwarten  war,  durch  die  Aufbewahrung  in  Alkohol  an  Harte  zugenommen 
liatte. 

Das  Zusammenhalten  von  Reis  und  Unterlage  in  ihrer  urspningiichen  Lage  beson- 
ders in  den  ersten  Tagen  und  in  der  Zeit  ihrer  ersten  lockeren  Verbindung  machte 
zum  Schneiden  und  Praparieren  die  Anwendung  eines  Einbettungsverfahrens  not- 
wendig.  Von  den  zwei  in  Frage  kommenden  Verfahren  -  die  Paraffinmethode 
und  die  Acetylzellulosemethode  -  wurde  das  erste  gewahlt,  weil  die  Durchtran- 
kung  der  oft  stark0h  Pflanzen teile  mit  Hilfe  des  Dioxans,  das  gleichzeitig  entwas- 
sert,  rascher  vonstatten  ging  und  dadurch  eine  bedeutende  zeitliche  Verkurzung 
bei  der  Vorbereitung  der  grofien  Anzahl  von  Vercdlungen  eintrat.  Trotzdem  hatte 
das  Acetylzelluloseverfahren  in  folge  seiner  grol^eren  Zahigkeit  beim  Schneiden 
tnanchmal  bessere  Dienste  geleistet,  denn  oft  brachen  die  Paraffinschnitte  eben 
wegen  ihrer  GroBe  und  wegen  der  unterschiedlidien  Harte  der  Gewebe  von  Reis 
und  Unterlage  gerade  an  der  Verwachsungsstelle  auseinander.  Hier  half  im  ge- 
wissen  Umfange  das  Bestreichen  der  Schnittflache  mit  Kollodium.  Die  unbestritten 
schnellere  Handschnittechnik  muf^te  aus  diesen  Griinden  erst  redit  versagen.  Die 
Anwendung  des  Dioxans  als  Losungsmittel  brachte  eine  erhebliche  Verkurzung 
•des  sonst  recht  langwierigtn  Paraffinverfahrens.  Die  Schnitte  wurden  mit  Glyzc- 
ringelatine  auf  Objekttrager  aufgcklebt,  mindestens  2  Tage  getrocknet  und  nach 
Durchlaufen  des  Farbeprozesses  in  Kanadabalsam  eingeschlossen.  Die  Farbung  er- 
folgte  mit  Safranin,  einer  starken  alkoholischen  und  waGrigen  Losung  zu  gleicfaen 
Teilen  gemischt  (66).  Dem  Safranin  wurde  wegen  seiner  doppelt  farbenden  Wirkung 
der  Vorzug  gegeben.  Beim  DiflFerenzieren  erwies  sich  der  mit  Salzsaure  angesau- 
erte  Alkohol  dem  mit  Essigsaure  angesauerten  iiberlegen.  Ein  geringer  Teil  der 
Schnitte  wurde  mit  einem  Gemisch  aus  Kongorot  und  Chrysoidin  gefarbt,  ein 
anderer,  sehr  kleiner  Teil,  mit  Rutheniumrot/'Methylengriin.  Das  Rutheniumrot 
lafit  unverholzte,  besond.ers  kambiale  meristematische  Gewebe  ausgezeichnet  her- 
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Abbildung  2 


vortreten.  Zur  Fcststellung  von  Kork- 
bildungen  wurde  Sudan  III,  fiir  die 
WundgumniireaktionEisenchloridlosung 
benutzt  Da  Wundgummi  mit  Hilfe  der 
Holzreaktion  sehr  schon  erkenhbar  ist, 
wurden  mit  Eisenchlorid  nur  zur  ein- 
•deudgen  Beweisfiihrung  Stichproben 
gemacht 

Oas  Schneiden  erfoigte  derartig,  daG  bei 

Querschnitten  gewohnlich  an  4-6  Stellen 

•entsprediend  der  Lange  der  Veredlungs- 

steile,d.h.aiso  in  Abstanden  von  3-4 mm, 

wie  Abb.  2a  (gestrichelte  Linien)  zeigt, 

je  eine  Serie  von  5-6  Schnitten  ange- 

fertigt  und  aufgeklebt  wurde.  Die  Langsschnitte  lagen  senkrecht  zur  Ebene  des 

Veredlungsschnittes,  und  zwar  in  dichterer  Folge,  je  mehr  sie  die  Kopulationssteile 

in  tangentialer  Richtung  trafen  (Abb.  2b).  Bin  kleiner  Teil  wurde  in  ahnlicher 

Wcise,  aber  in  der  Schnittrichtung  wie  Abb.  2c  geschnitten.  Diese  Anordnung  der 

Schnittfolge  geniigte  vollauf  zur  Beobaditung  und  Beurteiiung  des  Verwachsungs- 

verlaufs.  Auf  diese  Weise  entstanden  uber  32  000  Schnitte,  von  denen  rund  14  000 

in  Dauerpraparaten  festgehalten  worden  sind. 

Um  eine  gute  Vergleichsmoglichkeit  der  gefundenen  Tatsadien  zu  haben,  war 
neben  dem  schrifdichen  ProtokoU  eine  bildliche  Darstellung  nicht  zu  umgehen. 
IDa  ein  genaues  Zeichnen  wegen  der  Fiille  des  vorliegenden  Materials  zeitlich 
gesehen  eine  schwierige  Aufgabe  war  und  eine  groBe  skizzenhafte  oder  schema- 
ttsche  Darstellung  im  allgemeinen  fiir  diesen  Zweck  nicht  zu  geniigen  schien,  wurde 
zum  Lichtbild  im  Kleinbildformat  gegriifen.  Mit  Hilfe  einer  zwar  schon  veralteten 
mikrofotograHschen  Apparatur  zur  G)ntax  entstanden  so  iiber  400  Bilder.  Etwa 
80  Fotogramme  wurden  mit  der  Makam  von  Leitz  im  Format  4V1X6  oder  cincr 
alten  Plattenkamera  im  Format  6X9  angefertigt.  Trotz  seiner  groBen  Objektivitat 
enttauscht  aber  das  Lichtbild  in  mancher  Beziehung.  Es  war  jedoch  die  schnellste 
und  sicherste  Methode.  In  der  Arbeit  sollen  nur  die  wichtigsten  Bilder,  die  zum 
Verstandnis  und  Beweis  des  Gesagten  unbedingt  notwendig  sind,  wiedergegcben 
ijirerden. 


IL  Wundheilungs-  und  Verwachsangsvorgange 

A.  Allgemeiner  Verlauf 

Abweichungen  von  den  prinzipiellcn  Vorgangen  der  Wundenheilung  und  dem 
Verwachsungsverlauf  sind  nicht  zu  berichten.  Keine  der  10  Kombinadonen  berei- 
tete  bei  der  Verwachsung  ernstlich  Schwierigkeiten,  obwohl  Reis  und  Unterlage 
in  den  wenigsten  Fallen  gleiche  oder  annahernd  gleiche  Starke  besafien,  sondern 
das  Reis  stets  eine  geringere  Dicke  aufwies.  Die  Starke  des  Reises  ist  sortenbedingt 
und  liefi  sich  durch  Auswahl  beim  Reiserschnitt  am  gleidien  Standort  unter  glei- 
chen  Bedingungen  nur  in  sehr  engen  Grenzen  beeinflussen.  Die  Sorte  „Better 
Times"  lieferte  im  Verhaltnis  zu  „Geheimrat  Duisberg"  immer  diinnere  Reiser, 
aber  auch  die  erstgenannte  Sorte  war  meistens  schwacher  als  die  Unterlage.  Bei 
den  Unterlagen  konnte  die  Forderung  einer  gleichmafiigen  Veredlungsstarke  (5-8 
mm  Durchmesser)  fiir  die  durch  Aussaat  gewonnenen  Canina-Unterlagen  ohne 
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vermchrten  Unterlagen  R.  odorata  und  R.  manettii.  Besonders  R.  odorata  wies 
fast  durchweg  eine  solche  Starke  auf,  wie  man  sie  erfahrungsgemafi  aufierst  ungern 
zu  Veredlungszwecken  verwendet.  Leider  war  sie  jedoch  in  anderer  Beschaffenheit 
nicht  zu  bekommen. 

Die  genannten  Umstande  hatten  zur  Folge,  dal^  die  Kopulanten  nur  an  einer  Stelle 
aufeinanderpafSten,  d.  h.  nur  hier  lagen  sich  gleichnamigc  Gewebe  genau  oder 
doch  wenigstens  annahernd  gegenuber.  Hier  muGte  also  naturgemafi  die  erste 
Verwachsung  stattfinden.  Eine  unmittelbare  Benihrung  beider  Kambien  selbst  in 
geringem  Umfahge  blieb  daher  nur  auf  wenige  Falie  beschrankt  und  ware  audi 
unter  giinstigeren  Voraussetamngen  nur  auf  kurzen  Strecken  zu  erwartcn  gewcsen. 
Trotzdem  ging  der  VerwachsungsprozeB  ohne  Schwierigkeiten  vonstatten. 

a)  Beginn  derWundheilung 

Die  durch  den  Kopulationsschnitt  getroflPenen  Zellen  braunten  sich  in  den  ersten 
beiden  Tagen.  Die  Schnittflache  der  Unterlage  wurde  von  dem  Abstcrbeprozefi 
starker  betroflFen  als  die  des  Reises,  besonders  an  den  vom  Reis  nicht  bedeckten 
Tcilen.  Wahrend  bei  den  3  Canina-Unterlagen  diese  Erscheinungen  gcwohnlich 
an  der  von  den  verletzten  Zellen  benachbarten  Schicht  ihr  Ende  fanden,  wurden 
bei  den  beiden  anderen  2-3  Zellreihen  in  Mitleidenschaft  gezogen.  Diese  Fest- 
stellungen  gelten  sowohl  fiir  den  Holzteil  als  auch  fur  den  Siebteil  und  die  leben- 
den  Elemcntc  der  Rinde  allgemein.  Das  Mark  zeigte  keine  Verandeningen. 

Von  nun  an  beginnen  auch  die  ersten  Anzeichen  der  Wundheilung.  In  den  Ge- 
fafien  des  Holzkorpers  wurden  deutlich  Wundgummiabsonderungen  wahrgenom- 
mcn,  zunachst  nur  in  winzigen  Tropfchen.  Allmahlich  fullten  sich  die  Gefafte  von 
Reis  und  Unterlage  auf  grofiere  Entfernungen  von  der  Schnittflache. 

Die  Bildung  von  Thyllen  konnte  nirgends  entdeckt  werden.  Dies  hangt  wohl  mit 
der  im  Vermehrungsbeet  herrschenden  hohen  Luftfeuchtigkeit  zusammen.  Es  ent- 
zieht  sich  allerdings  unserer  Kenntnis,  in  welchem  Umfange  die  Rosen  tiberhaupt 
dazu  neigen,  Thyllen  zu  bilden. 

b)DieKallusbildung 

Nach  3-4  Tagen  waren  die  ersten  Anzeichen  ciner  Kallusbildung  zu  bemerken. 
Zunachst  begann  nur  das  Kambium  des  Reises  mit  der  kallusbildenden  Tatigkeit. 
Kurze  Zeit  danach,  etwa  1-2  Tage  sparer,  folgte  die  Unterlage.  Bei  den  Ver- 
edlungen  mit  „Better  Times",  die  etwa  8-10  Tage  spater  als  mit  „Geheimrat 
Duisberg**  auf  die  nun  schon  starkeres  Wachstum  zeigenden  Unterlagen  vorge- 
nommcn  worden  war,  war  dieser  Unterschied  nicht  so  groB  und  hauRg  auch  gar 
nicht  wahrnehmbar.  Allen  gemeinsam  war  aber,  daft  die  vom  Reis  nicht  gedeckte 
rechte  Seite  der  Unterlage  kaum  eine  Tatigkeit  in  dieser  Richtung  aufwies,  die  dann 
auch  noch  nach  kurzer  Zeit  meist  vollig  aufhorte  (s.  Abb.  3).  Dagegen  begann  in 
der  Folgezeit  gerade  die  entsprechende  Seite  des  Reises,  grofte,  in  kcinem  Verhalt- 
nis  zu  dem  auf  der  liiiken  Seite  erzeugtcn  Kallusgewebe  stehende  Mengen  an  Kal- 
lus  zu  entwickeln  (Abb.  4),  die  sich  auf  der  Unterlage  ausbreitend  gegen  ihren 
Rand  hin  vorschob.  Wurde  dieses  Ziel  bei  nicht  zu  grofter  unterschied licher  Didce 
der  Pfropfpartner  erreicht,  dann  kam  es  sehr  bald  zu  einer  Vereinigung  beider 
Kalli  (Abb.  5-7).  Hierbei  hat  es  den  Anschein,  als  ob  das  bisher  inaktive  Kam- 
bium durch  das  Erscheinen  des  dem  Reis  zugehorigen  Kallusgewebes  zu  neuer 
oder  verstarkter  Tatigkeit  angeregt  wurde.  Die  Kallusentwicklung  erfoigte  bei  der 
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Untcrlage  ehcc  und  mit  groBerer  Intensitat  an  den  Stellen,  die  mit  dem  Reis  in 
engete  Beruhiung  kamen  und  audi  da  wiedec  starker,  wenn  sie  aktiven  meristc- 
ntatisdien  Elementcn,  zumeist  dem  Kambium,  gegeniiber  lagen.  Die  von  Obmaiin 
(51  S.  242)  gemadite  Beobachtung,  da&  der  KalluswuUt  zunadist  nach  aufien 
wudierC  und  sich  dann  auf  Grund  des  Widerstandes  am  Bastverband  nach  inneii 
zwischen  die  Schnictflachen  beider  Pfropfpatcncr  wendet,  kann  nicht  besCadgt 
werden.  Die  auf  den  PfropfparCncr  tccSenden  Kallusmassen  verteilten  sich  ge- 
wohnlich  sofort  Ceils  nach  innen,  teils  nach  auBen.  Der  zum  VerbJnden  benutzte 
Bastfaden  laBt  au&ecdem  stecs  so  viel  Raum,  daB  der  Kalluswutst  dazwischen 
heraustreten  kann  (s.  Abb.  9  und  10).  Trotzdem  erfiillt  er  einen  groficn  Teil  dcs 
Raumes  zwischen  Reis  und  Unterlage.  Da  dem  Reis  die  groCere  Initiative  bei  der 
ICallusbildung  und  der  Obcrwallung  insgesamt  zukommt,  kann  man  gerade  au{ 


der  rediten  Scite  der  Vercdlungen  deut- 
lich  erkennen,  dafi  sidi  der  Parcnchym- 
wulst  nicht  nui  nach  aufien,  also  der 
Scite  dcs  geringsten  Widerstandes,  son- 
dern  audi  mit  glejdier  Kraft  wie  auf 
der  linken  Scite  nadi  inn  en  ergiefit 
(vgl.  Abb.  8).  Es  sei  zugegeben,  da& 
die  Bedingungen  fur  VeredJungen  im 
sog.  Vermeh  rung  sheet  im  Gewichshaus 
andere,  ungleich  giinsdgere  sind  als  im 
Freiland.  Auf  die  Bedeutung  hoher 
Luftfeuchugkeit  und  Warmc  fiir  die  Kallusbildung  wurde  sdion  von  Ncmec 
(48),  Gleisberg  (8),  Schlumberger  (58)  u.  a.  hingcwiesen.  Unter  den  hetr- 
schenden  gunstigen  Verhaltnissen  trat  audi  die  Verkorkung  der  Randzellen  dcs 
Wundgewebes  erst  verba ItnismaBig  spat  ein,  z\i  einer  Zeit,  als  die  Vereiniguns 
der  Kalli  mindestens  auf  einer  Seite  iange  erfolgt  war.  Um  diese  Zeit  wurden  die 
Veredlungen  allmahlidi  an  das  Gewadishauskliina  gewohnt  (vgl.  hierzu  Kauscbe 
26).  Mit  fortsdireitender  Entwiddung  des  Austricbs  der  Edelsorte  liefien  die 
Kalluswudierungen  nach.  Sic  batten  kurze  Zeit  nacb  der  Herausdiflefenziening 
des  Kambiums  meist  ihre  maximale  GroGe  erreicht.  Um  diesen  Tecmin  herum 
wies  der  Austrieb  eine  durdisdinittlidie  Langc  von  ungefahr  7  cm  auf.  Die 
Ptianzen  in  der  Abb.  10  batten  diesen  Zeitpunkt  gerade  iibersdiritten.  Die 
weitere  Kallusbildung  sinkt  nun  infolge  des  einsetzcndcn  scarkeren  Wadistums 
dcs  jungen  Tricbes  auGcrst  sdincll  auf  ein  schr  geringes  Ma6  heiab. 
In  der  Pahigkeit,  Kallus  zu  bilden,  zcigten  sich  bestimmte  Untersdiiedc.  So  nah- 
men  die  Kallusbildungen  bcider  Edelsorten  im  Vcihaltnis  zu  dcncn  der  Untct- 
lagen  einen  erhcbJichcn  Umfang  an.  Aber  audi  zwisdien  beiden  Sorten  bestehen 
in  dieser  Beziehung  deutlidi  wahrnehmbare  Diffcrenzen.  Aus  dem  gcsamtcn  wei- 
tercn  Verwadisungsverlauf  gcwinnt  man  fernerhin  fast  den  Eindrudc,  dafi  cs  sidi 
bci  ..Better  Times"  ansdieinend  um  eine  langsamere,  vielleicht  audi  gcringere 
Regencrationsfahigkeit  handclt.  Die  Abb.  9  zeigt  2  Wodien  alte  Veredlungen 
aller  Kom  hi  nation  en.  An  ihnen  ist  die  unteisdiiedlidie  Kallusbildung  bcider  Sor- 
ten schon  erkennbar.  Nodi  deutlidicr  laBt  sidi  dies  an  den  Wuchsbildem  der 
Abb.  10,  die  die  Veredlungen  nadi  3'/t  Wodien  darstellcn,  erkennen.  Fur  diese 
Aufnahmen  wurden  dem  Durdischnitt  aller  Kombinationcn  entsprechcndc  Pflan- 
zcn  ausgewahlt.  Die  Odorata-  und  Manettii-Kombi  nation  en  ersdieincn  deshalb 
in  einem  etwas  zu  giinstigen  Lidite.  Versdiiedenheiten  im  Alter  kommen  fur  die 
mit  grower  Soigfalt  ausgcwahlten  Edelreiser  nidit  in  Bctracht.  Aus  demselben 
Grunde  diirften  Unterschicdc  im  Ernahrungszustand  kaum  in  Frage  kommen.  Der 
Gcsundheitszu  stand  kann  chcnfalJs  nidit  von  maftgeblidiem  EinfluS  sein,  denn 
audi  die  vom  Pilzbefall  vcrsdiont  gcblicbcnen  Reiser  von  ..Better  Times"  zcigten 
in  dieser  Beziehung  keine  andere  Entwiddung.  AuBcrdem  waren  an  den  Mutter- 
pflanzen  Symptome  eines  Krankheitsbe falls  nidit  zu  erkennen.  Die  im  vorlicgenden 
Falle  auftretende  Krankheit  ergriff  beide  Sorten  in  nahezu  glddiem  Umfangc. 
Die  Unterlagen  braditcn  allgemein  nur  sehr  schwadic  Kalluswiilste  hervor.  Um 
dies  festzustellen,  bedurftc  es  nidit  erst  der  mikroskopisdien  Betraditung.  Dai 
Bild  andertc  sidi  audi  nidit  wesendidi  bei  den  Unterlagen,  die  10  Tage  spater  mit 
..Better  Times"  vcredelt  wurden.  Ausgesprochen  polar  bcdingte,  quantitative  Un- 
tersdiiedc in  der  Kalluscczeugung  konnten  bci  thnen  kaum  festgcstcllt  werden, 
obwohl  zugegeben  werden  muG,  daB  mituntcr  an  den  Sdinittfl&dien  dec  Wurzeln 
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die  erwartete  reichlichere  Kallusentwicklung  2u  beobachten  war,  ohne  dafi  man 
diese  Tatsache  als  Regel  hinstellen  konnte.  Bei  den  Reisern  wurde  am  apikalen 
Pol  fast  ebenso  iippig  oder  ebenso  wenig  Kallus  gebildet  wie  am  basalen.  Wahr- 
scheinlich  kommt  der  Unterschied  zwischen  beiden  Polen  infolge  des  nur  3-4  cm 
langen  Reises  durch  die  Nahe  des  griinen  Blattes  und  des  Vegetationspunktes 
nicht  deutlich  zur  Geltung.  Wohl  aber  nahm  die  Kalluserzeugung  nach  dem  un- 
teren  Teil  des  Kopulationsschhittes  bin  haufig  an  Umfang  etwas  zu,  sie  war  jedoch 
an  der  hochsten  Stelle  ebenfalls  sehr  stark.  Durch  die  hohe  Warme  im  Vermeh- 
rungsbeet,  vermutlich  unter  gleichzeitiger  Einwirkung  von  Nekrohormonen  (14, 
15,  16,  87,  88),  wurden  die  in  der  Nachbarschaft  der  Wunde  iiegenden  Zeilen 
sehr  rasch  zu  erhohter  Tatigkeit  angeregt.  Aufierdem  konnte  das  Reis  mit  dem 
ihm  beim  Vercdein  belassenen  Teil  des  Blattes  sofort  seine  assimilatorische  Tatig- 
keit wicder  aufnehmen.  Doch  wurde  in  den  Fallen,  wo  das  Blatt  durch  mecha- 
nische  Einwirkung  vollig  verloren  gegangen  war,  eine  durchaus  geniigendc 
Wundgewebebildung  beobachtet  In  den  griinen  Organen  werden,  wie  wir  wissen, 
die  die  Regeneration  veranlassenden  Stoffc  (Hormone)  gebildet  und  aller  Wahr- 
scheinlichkeit  nach  im  Kambium  an  die  verletzten  Stellcn  transportiert,  wie  auch 
Versuche  von  Jakes  und  Hexnerova  (22)  beweisen. 

Daraus  erklart  sich  aufier  der  bevorzugten  Versorgung  mit  Kohlehydraten  die 
starkere  Kallusbildung  des  Reises;  denn  die  Unterlage  biifite  bei  der  Kopu- 
lation  ihre  oberirdischen  Organe  restlos  ein.  Der  Haupttrager  der  Kallusbildung 
ist  das  Kambium.  Es  begann  stets  zuerst  mit  dieser  Tatigkeit.  Viel  spater  erst 
folgten  andere  Gewebeelemente.  Ein  Beweis  mehr  fiir  die  Richtigkeit  der  Auf- 
fassung  uber  den  basipetalen  Transport  der  WuchsstofFe  durch  das  Kambium.  Zur 
Beteiligung  an  den  Kallusbildungen  seitens  anderer  lebender  Gewebe  als  dem 
Kambium  kam  es  besonders  bzw.  iiberhaupt  nur  an  den  Stellen,  wo  eine  geringe 
Verschiebung  des  Reises  aus  seiner  beabsichtigten  Stellung  -  meist  wohl  wahrend 
des  Verbindens  oder  auch  infolge  des  morphologischen  Aufbaues  eines  der  bei- 
den Pfropfpartner  -  eingetreten  war.  Es  lagen  sich  dann  auch  auf  der  linken  Seite 
verschiedenartige  Gewebe  gegeniiber.  Auch  hier  kam  es  also  stets  zu  einer  Kallus- 
bildung, anscheinend  unter  gegenseitiger  Einwirkung  der  Wundhormone  beider 
Pfropfkomponenten,  denn  wo  der  Rindenteil  oder  Siebteil  vom  Pfropfpartner  nicht 
bedeckt  waren,  blieb  eine  derartige  Wirkung  mehr  oder  weniger  aus.  Auf  der 
rechten  Seite  des  Reises  setzte,  nachdem  zuerst  das  Kambium  die  Kallus- 
bildung begonnen  hatte,  gewohnlich  auch  von  seiten  der  iibrigen  lebenden  Ele- 
iiente  des  Bastes  und  der  Rinde  die  Wundgewebeerzeugung  ein.  Eine  Enthol- 
aing  (57)  schon  untatiger  Zeilen  ist  niemals  festgestellt  worden.  Desgleichen 
tonnte  nirgends  eine  Beteiligung  der  Markzellen  an  der  Kallusbildung  beobachtet 
Werden. 

^o  die  Kalli  zusammentrafen,  kam  es  ohne  Schwierigkeiten  bald  zu  einer  Ver- 

Inigung  beider  Gewebe,  die  erst  von  dem  Augenblick  an  als  vollzogen  angesehen 

^erden  kann,  wenn  eine  Grenze  zwischen  den  Herkiinften  beider  Gewebe  rein 

l^atomisch  nicht  mehr  festzustellen  ist.  Sie  ging  unter  Einfluft  des  Druckcs  des 

jastverbandes  auf  der  linken  Seite  der  Veredlung  sehr  rasch  vor  sich.  Jedoch 

^olgte  auch  eine  Vereinigung  unter  bedeutend  geringeren  Druckverhaltnissen, 

ie  man  sie  auf  der  rechten  Seite  antrifft.  Bei  einer  Begegnung  beider  Kallus- 

*>cherungen  -  sozusagen  auf  halbem  Wege  -  mogen  sie  noch  mit  einiger  Kraft 

^^einanderstoBen.  Der  Druck  kann  aber  nur  sehr  schwach  sein,  wenn  die  Kallus- 

'asse  des  Reises  iiber  das  Kambium  und  die  Rinde  hinweg  in  den  freien  Raum 

*rst66t,  falls  sie  jetzt  nicht  wieder  am  Bastverband  einen  Widerstand  findet  und 


des  Vcrbandes,  sobald  die  kambiale  Zone  der  Unterlage  crreicht  wurde,  cine 
Veieinigung  mit  dem  nur  schwach  aus  dcm  Kambium  hervocbrecheaden  Kallus  - 
anscheinend,  wie  sdion  oben  angedeutet,  unter  dem  Einflufi  der  unmittelbaten 
Nahe  des  zur  EdeUocte  gehorigen  Wundgewebes  -  zustande  gekommen  (Abb.  5-7;. 
Haulig  zeigen  sidi  nun  nach  dem  Zusammentrcffen  grolkie  wulstattige  Wudienin- 
gen  CAbb.  11  und  12,  die  Pfeile  deuten  auf  die  Scellen  des  Zusammeascbluuei). 


Abbildung  ii  (U  =  Unterlage,  R  =  Reis)  AbbildunB 


An  den  Kalluswucherungen  war  „eine  stocende  Sdiicbt  toter  Zellcn",  wie  sic 
Ohmann  (51)  (S.  233)  bei  seinen  Untersuchungen  vorfand,  erst  zu  beobachcen, 
nachdem  die  Pflanzen  zuf  Abhartung  an  die  Luft  im  Gewachshaus  gewohnt  wor- 
den  waren.  Das  Abstcrben  der  Randzellen  des  Kailus  steht  also  in  enger  Be- 
ziehung  zur  VerminderuDg  der  Luftfeuchtigkeic  im  Vermehruogsbect.  Zu  dicsem 
Termin  waren  die  Verwachsungsvocgange  iiber  die  eben  geschilderte  Veceiniguog 
der  Wundgewebe  weit  hinaus  vorgesdiiitten,  der  Fortbestand  der  Veredlung  also 
hinrcidiend  gesichert.  Nur  auf  der  nicht  ijbcnvallten  Scitc  konnten  in  dicser  Hin- 
sicht  nodi  Komplikationen  eintrcten.  Docb  audi  die  spater  aufeinander  crcHenden 
Kalli  vereinigten  sich  in  ahnlidiei  Weisc  wie  sic  Obmann  sdiildert:  Die  toten 
Zellsdiichten  wurden  ducdi  stelleciweisc  starkeie  Kalluswudierungen  durdibrodien, 
die  Reste  dieser  Zellsdiiditen  entweder  eingesdilossen  oder  nadi  auScn  abgedrangt 
Eine  Resorption  toter  Zellreste  konnte  niigends  beobaditet  werden. 
Die  von  Krenke  (29)  als  Argument  fiir  die  mehr  oder  weniger  groficn  Verwadi- 
sungssdiwierigkeiten  zwisdien  Pfropfpactnern  angefuhrte  Isolierschicht  kann  Ht 
die  Propfung  von  Geholzen  der  Dikotyledonen  nidit  herangezogen  werden,  weil 
sie  nadi  der  gelungenen  Veredlung  nidit  mehr  bestehen  kann.  Ober  dieses  Problem 
wird  in  cJner  weiteren  Veroffentlidiung  beriditet  werden. 

c)  Differenzieiungsvorgange  im  Kallusgewebe 
1.  DiekambialeVetbindung 

Mit  der  Vereinigung  beider  Kalli  ist  abet  nodi  keine  dauerhafte  Verwadisung 
erreidit  (9,  10,  12).  Sie  geniigt  jedodi  fiir  den  im  Anfang  nodi  gecingen  Stoffaus- 
tausdi.  Unter  den  im  Vermehrungsbeet  herrsdienden  optimalen  Wachstumsbedio- 
gungen  traten  diemisdie  und  strukturelle  Verandeningen  der  zarten  Membrancn 
zur  medianisdien  Festigung  des  Kallusgewebes  verhaltnismaCig  wenig  auf.  Nur  an 
der  Seite,  wo  cine  relativ  grofie  Fladie  uberbrudct  werden  muStc,  ehe  beide  Kalli 
sidi  begegneten,  waren  haufiger  als  auf  der  linken  Seite  Verdidtungen  und  Vet- 


holzungen  der  Membranen  untec  gleidizcidgei  Tupfelung  zu  beobaditen  (9, 26, 68). 
Der  fur  die  zukunftige  Lebensfihigkeit  dec  Vecedlung  bedeutsame  Vorgang  Ut 
die  Verbindung  bcidec  Kambien.  Erst  das  gemeinsame  Kambium  bietet  die  Mog- 
licbkeit,  die  fuc  den  Ablauf  des  Lebensprozesses  UQerla&lichen  Lcituogsbahaen 
(4,  6,  24,  25,  78)  in  wenigstens  annabemd  nofmaler  Struktur  in  dec  VerwadisuogS' 
zone  zu  schaf^en.  Wie  auch  Rzimann  (55)  feststellte,  sdieint  die  Anregung  zur  wei- 
teren  Kambiumbildung  im  Wundgcwebe  voo  den  bestefacndea  Kambiumzellea 
auszugehen.  Die  Verfasserin,  die  ihre  Trans  plantations  vers  uchc  an  den  untec- 
irdischcn  Teilen  von  Daucus  carota  ducchfuhrte,  weist  dabci,  wle  aucfa  andere 
Autoren  (13a,  29)  auf  die  Wicksamkeit  in  dec  Nahe  beHndlidief  GeFafie  hin. 
Diesec  Punkt  scheint  bei  den  vocliegenden  Vecsuchen  keine  RoHc  zu  spielen, 
wahcsdieiniich,  weil  ducch  die  angewandce  Veced  lungs  method  e  stets  GefaBe  in 
ausceidiendec  Nahe  vorhanden  sind,  Es  ist  wohl  auch  ehec  anzunehmcn,  da6  die 
die  GefaBe  umgebenden  lebendcn  Holzpatenchymzellen  eine  diesbeziiglichc  Wic- 
kung  ausuben.  Ducch  jene  Acbeit  wicd  auBecdem  die  bei  den  vocliegenden  Unter- 
sudiungen  gcmachte  Ecfahrung  bestatigt,  daS  das  Kambium  zu  seiner  Regeneration 
stets  den  kurzesten  Weg  einschlagL  Ahnliches  findet  sich  bei  Ja/ise  (23  S.  167). 
Es  war  ferncc  intecessant,  zu  beobachten,  dafi  sich  das  neu  entstehende  Kambium 
auch  decjenigen  Reiser,  die  weniger  als  halb  so  stack  wie  die  Unterlage  wacen,  auf 
dec  cechten  Seite  stets  sofoct  dem  polat  entspredienden,  „koccespondierenden"  (55) 
Kambiumende  dec  Unteclage  zuwandcen,  obwohl  der  Weg  zu  dem  nidit  zusam- 
mengehocigen,  inversen  Kambiumende  iiber  die  zwischen  beide  Pfropfpartnec  ein- 
gedrungenen  Kalli  echeblich  kurzer  gewesen  wace.  Das  Kambium  wendet  sicb  in 
diesen  Fallen  oft  ganz  plotzlich  in  die  erfordeclidie  Richtung,  wie  es  in  den  Abb.  5 
und  7  sehr  gut  sichtbac  wicd.  Die  fotogcafische  Schicht  gibt  das  Kambium  Infolge 


Abbildung  13  Abbildung  14 

(U  =  Unteclage,  R  =  Reis,  Ca  =  Kambium,  pH  =  Erstholz,  sHW  =  Zweit- 

holz,  bei  iCa  =  Umwenden  des  Kambiums,   =  Grcnze  zwischen  Erstholz  und 

Zweitholz) 

des  angewandten  Facbemittels  als  dunklen  Streifen  wieder.  Es  kam  mitunter  vor, 
daB  besondecs  ao  den  Enden  der  Sdinittflachen  sich  inverse  Kambiumenden  dicht 
gegenubcrlagen,  Tatsachlich  vereinigten  sie  sich  nlcht,  sondecn  wandten  sich  ohnc 
Komplikationen  stcikt  ihrem  kocrespondicrenden  Kambiumende  zu  (s.  Abb.  13). 
Sclbstvecstandlich  ecEahrt  die  Verwadisung  hierdurch  eine  erhcbliche  Veczogetung. 
Rzfmann  ecblickt  hiecin  eine  richtende  Wirkung  auf  den  im  Kallus  entstandenen 
Meristemstreifen,  also  nuc  eine  Anregung  (Reizwickung)  zur  Teilung  bestimmter 
Zcllen,  die  zum  koccespondiecenden  Kambiumende  fiihren.  Aucfa  Vocbling  (78) 
wief  an  Hand  seiner  Untecsuchungen  darauf  hin,  daC  die  Focderung  des  p  o  I  a  r  e  n 


anscheinend  zu  Recht. 

Die  Verbindung  beider  Kambien  trat  fhihestens  in  der  dritten  Woche  nach  dem 
Veredeln  ein,  d.  h.,  dies  war  stets  der  Fall  auf  der  Seite,  wo  sich  die  beiden  Kam- 
bien fast  genau  gegenuberlagen,  auf  der  anderen  Seite  erst  kurze  Zeit  nach  dem 
Oberwallen,  infolgedessen  oft  erst  nach  Monaten.  Mit  der  Bildung  einer  durch- 
gehenden  kambialen  Verbindung  h5rt  an  dieser  Stelle  die  Kalluserzeugung  auf. 

2.  DieVerbindungderLeitungsbahnen 

Unmittelbar  nach  der  Vereinigung  beider  Kambiumenden  zu  einem  gemeinsamen 
Kambium  begann  es  mit  der  Ausiibung  seiner  normalen  Funkdonen,  nach  inneo 
Holz,  nach  auf^en  Bast  zu  erzeugen.  Die  ersten  Produkte  gleichen  noch  nicht  dem 
normalen  Aufbau,  sondern  tragen  Wundholzcharakter  (9,  21,  31,  39,  67,  68,  84). 
Aber  schon  sehr  bald  nimmt  die  Struktur  des  Holzes  normalen  Charakter  an 
(Abb.  14).  Der  Aufbau  des  Bastes  geht  in  entsprechender  Weise  vor  sich.  Das 
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Abbildung  15 
(R  =  Rcis,  U  =  Unterlage) 

Gewebe  der  eigentlichcn  Verwachsungs-  bzw.  Verbindungszone  beider  Gewebc 
ist  bei  fliichtiger  Betrachtung  sowohl  auf  Quer-  als  auf  Langsschnitten,  je  starker 
der  gemeinsame  sekundare  Holzzuwachs  zunimmt,  kaum  noch  zu  erkennen.  Zu 
Beginn  der  Tatigkeit  des  Kambiums  muf^te  man  sich,  um  Tauschungen  auszu- 
schlieBen,  im  klaren  dariiber  sein,  dafi  bei  Querschnitten  nur  in  den  Schnittserien 
aus  der  Mitte  (Abb.  15b)  diese  Verwachsungszone  annahernd  in  Richtung  der 
Fortsetzung  der  Kopulationsschnittebene  zu  Hnden  sein  wiirde.  Je  mehr  man  sith 
den  Schnittserien  aus  den  oberen  (Abb.  15a)  oder  unteren  (Abb.  15  c)  Regionen 
der  Veredlungss telle  naherte,  desto  mehr  fand  eine  Abweichung  in  Richtung  der 
Pfeile  statt.  Diese  Abweichung  erklart  sich  allein  aus  der  streng  radiaren  Orien- 
tierung  der  Kambiumprodukte.  Diese  strenge  Richtung  kann  dadurch  eine  geringc 
Anderung  erfahren,  da6  der  eine  Partner  der  Veredlung  eine  groBere  Wachstums- 
intensitat  aufweist  als  der  andere,  was  sich  auch  im  tangentialen  Aufbau  auswirkt 

Die  Notwendigkeit  einer  Wiederherstellung  der  Verbindung  zwischen  den  Lci- 
tungsbahnen,  sobald  Gewebebezirke  miteinander  verwachsen,  denen  naturlicher- 
weise  GefaBbiindel  zu  eigen  sind,  wird  im  Schrifttum  von  einer  Reihe  von  Autoren 
(u.  a.  Winkler  [90],  Gleisberg  [9],  Simon  [69],  Krenke  [29  S.  16  und  23]),  bcson- 
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ders  betont.  Da  die  Wirksamkeit  einer  Isolierschicht  bei  den  Rosenveredlungen 
ausschied,  wurde  gerade  der  Verbindung  der  GefaBe  grofiere  Aufmerksamkeit  ge- 
schenkt.  Nach  Herse  (21  S.  103)  weicht  das  Holz  der  Verwachsungsstelle  in  drei- 
facher  Beziehung  in  seinem  Bau  vom  normalen  Holze  ab: 

1.  Orientierung  der  Elemente, 

2.  Lange  der  Elemente, 

3.  Art  und  Verteilung  der  Elemente. 

In  den  vorliegenden  Untersuchungen  scheinen  2.  und  3.  von  einiger  Bcdeutung  2u 
sein. 

Die  Gefafiziige  in  der  Verwachsungszone  sind  sdiwierig  zu  vcrfolgcn,  weil  sie 
infolge  der  mehr  oder  weniger  starken  Maserung  dieses  Bezirks  kaum  in  einer 
Sdinittebene  liegen.  Die  benadibarten  Schnitte  geben  aber  hinreichcnd  Auskunft. 
Die  GefaCe  sind  bei  alien  Kombinationen  in  der  Verwachsungszone  sehr  kurz 
gegliedert.  Dieser  Zustand  erfahrt  mit  zunehmendem  Dickenwadistum  keine  Ab- 
anderung.  Untersdiiedlich  ist  bei  einzelnen  Kombinationen  die  Zahl  der  durch- 
gehenden  Gefafiverbindungen,  worauf  nodi  spater  zuruckzukommen  ist. 

Audi  das  Lumen  der  Gefafie  und  die  Maserung  der  Verwadisungszone  lieBcn 
geringe  Versdiiedenheiten  erkennen.  Die  Verkriimmung  der  Gewebe  war  im 
oberen  Teil  der  Veredlungsstelle  immer  geringer  als  im  untcren.  In  der  Mitte  war 
hierfur  der  mehr  oder  weniger  gute  Sitz  des  Reises  entsdieidend.  Die  Starke  der 
Maserung  sdieint  aber  bei  den  einzelnen  Unterlagen  versdiieden  zu  sein. 

Ein  Teil  der  Maserungen  ist,  wie  eben  angedeutet,  auf  den  ungenauen  Sitz  der 
Reises  zuriidczufiihren,  wofiir  als  extremer  Fall  die  sclten  zusammenpassende, 
redite  Seite  der  Veredlung  zum  Beweis  angefiihrt  werden  kann.  Hier  waren 
immer  erheblidie  Kriimmungen  im  Faserverlauf  festzustellen,  die  innerhalb  dei 
Kombinationen  keine  Untersdiiede  erkennen  lassen. 
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Abbildung  i6 


Stark  welliges  Holz  entsteht  audi,  wenn  die  Kopulationssdinitte  der  Pfropfpartner 
nidit  gleidi  lang  gemadit  wurden.  Die  Abb.  16a-d  gibt  die  dadurdi  entstehenden 
Falle  wieder;  a  und  b  bei  langerem  Sdinitt  des  Reises,  c  und  d  bei  langereni 
Sdinitt  der  Unterlage.  Das  Verwadisungsgewebe  weist  bedeutende  Kriimmungen 
im  Faserverlauf  bei  a  unten  und  c  oben  auf,  wenn  also  die  gleidinamigen  Gewebe 
gegen  die  Wadistumsriditung  versdioben  wurden.  Bei  b  und  d  kann  die  Ver- 
wadisung  viel  glatter  erfolgen.  In  der  Praxis  wird  beim  Kopulieren  stets  Wert 
darauf  gclegt,  daB  die  Pfropfpartner  unten  gut  zusammenpassetv,  nj'v^  Vi  wyv^  t 


N^V 


Abbildung  17  a  und  b 

zcigcn.  Und  dies  mit  Redit,  denn  wie  audi  dJese  Untersudiungen  zeigen,  geht  die 
mechanische  Fesdgung  etwas  langsamer  und  weniger  glatt  als  in  der  oberen  Region 
vonstatten,  was  bci  d  noch  spater  in  Erscheinung  tritt  und  bei  der  rasdi  starker 
werdenden  Belastung  ducdi  das  fortschreitendc  Wachstum  des  Triebes  zu  eriiohter 
Ausbmdisgefahr  fiihrt.  Die  Verwaehsung  bci  d  gcht  obcn  stets  ohne  Kompli- 
kationen  vor  sich.  Im  Falle  c  helfen  sich  erfahrene  Vercdicr  dadurdi,  daB  sie  d«i 
uberstehendcn  Teil  der  Unterlage  in  der  punkdenen  Linie  abschneiden.  Durdi 
dicse  einfache  MaGnahme  warden  die  Sdiwiecigkeiten  bei  der  Uberwallung  und 
Verwadisung  weitgehcnd  aus  dcm  Wege  geraumt,  Soldie  Sdiwicrigkeiten  traten 
jedodi  audi  mitunter  durdi  geringes  Versdiieben  des  Reises  beim  Vcrbinden  ein. 
Alle  aus  derartigen  Gninden  an  diesen  Stellen  entstehenden  Maseningen  vcr- 
sdiwanden  aber  im  Laufe  der  weiteren  Entwiddung  der  Pflanzen.  Sie  wurdcn 
meist  sdion  im  Veredlungsjahr  ausgeglidien. 

Vor  der  Besprediung  der  Einzelergebnisse  soli  nodi  kuiz  auf  die  Uberbcudcung 
der  rediten  Seite  der  Kopulationen  eingegangen  werden.  Die  Oberwallung  durdi 
deti  Kallus  des  Reises  wurde  oben  sdion  im  einzelnen  behandelt.  Sie  allein  battc 
in  den  vielen  Fallen  starkerer  Untersdiiede  zwisdien  Edelreis  und  Untedage  nidit 
immer  zur  Cberbriidiung,  soweit  dies  Qberhaupt  moglidi  war,  genugt.  Es  ist  nun 
intecessant  zu  bcobaditen,  da6  der  sekundare  Holzzuwadis  gerade  an  dieser  Seite 
ein  erheblidies  Ausmafi  erreidite,  wahrend  die  cntspred^ende  Seite  der  Unter- 
lage nur  sehr  selcen  einen  nennenswerten  Zuwadis  aufwies.  Das  Didcenwadistum 
der  linken  Seite  ging  wohl  beiderseits  vor  sidi,  entspradi  aber  bei  welKin  nid« 
dcm  Zuwadis  der  rediten  Seite  des  Reises  (Abb.  17a  und  b).  Dieses  cinseitige 
Didcenwadistum  ist  audi  dann  vorhanden,  wenn  eine  Oberwallung  durdi  Kallus- 
wudicruDgcQ  nodi  gar  nicfat  stattgefunden  hat  und  audi  nidit  erwartet  werden 


dendnidu  (S3)  durch  den  Vercdlungssdinjtt  kann  ais  Uisadie  oicht  angefuhrt  wer- 
dcn.  Sic  muDte  auf  der  entspredienden  Seite  der  Unterlage  dieselbe  Wirkung  aus- 
losen.  Auf  der  sdion  verwachsenen  Seite  sind  in  dieser  Hinsicht  die  oonnalen 
Dnickverhaltnisse  wiedcrhcrgestellt  Man  kann  diese  Encheinung  nur  so  erklaren, 
daB  die  in  den  gninen  Organen  des  Reises  eczeugten,  regcnerativ  wirkenden  Stoffe 
der  an  dieser  Seite  trotz  Kallusbildung  noch  ntdit  restlos  gesdilossenen  Wundc 
zugefuhrt  werden  und  das  Kambium  zu  vcrstarkter  Tatigkeit  anregen.  Ein  Ab- 
fliefien  in  die  Unterlage  ist  nicht  anzunehmen,  weil  cine  Verbindung  beider  Pfropf- 
partnec  auf  dieser  Seiic  nicht  errcidit  ist.  Es  kommt  also  gewissermaKen  zu  einer 
Stauung  der  regenerativen  Substanzeo,  die  so  ein  ortlich  begrenztes  Dickenwadis- 
turn  bewirkt.  Dieser  sckundare  Zuwachs  beschrankt  sidi  auf  einen  verhaltnismaCig 
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Abbildung  aa 

(3  Monate  alte  Veredlung  von  „Gcheimrat  Duisberg"  auf  R,  canina. 

=  ungefShre  Grenzen  von  Reis  und  Unterlage  in  der  Verwachsungszope) 

kleinen  Bereidi  und  klingt  allmahlich  cnit  der  Entfernung  vom  Wundrand  ab, 
soweit  die  Einwirkung  des  Wundreizes  sich  erstreckt.  Er  hort  in  dem  Augenblick 
vollig  auf  oder  wird  auf  eine  kaum  merklidic  Zunahme  eingesdirankt,  sobald  das 
gesamtc  Kambium  seine  Tatigkeit  aufnimmL  Dieser  Zeitpunkt  ist  nach  6  bis 
7  Wochen  gekommen,  wenn  das  erste  Laub  des  Jungtriebes  sich  voll  entfaltet  hat. 
Von  jetzt  an  verlauft  das  sekundare  Dickenwachstura  des  Reises  in  seinen  nor- 
roalen  Grenzen.  Die  Oberbruckung  der  noch  offenen  Seite  geht,  wenn  sie  bis 
dahin  noch  nicht  beendet  war,  von  nun  an  nur  langsam  vor  sich  und  ist  bci 
R.manettii  und  R.odorata  im  Veredlungsjahr  meistens  nicht  mehr  errcichbar.  Der- 
sclbe  Vorgang  konnte  auch  auf  der  linken  Seite  beobachtet  werden,  wobei  die 
Unterlage  stets  erst  dann  mit  dem  Zweitholzzuwadis  begann.  nachdem  die  Ver- 
bindung mit  dem  Edelreis  hergestellt  war.  Auch  hierin  durfte  ein  Beweis  fiir  den 
basipetalen  Transport  der  die  Regeneration  anregenden  Substanzen  aus  den  griinen 
Organen  zu  erblicken  sein.  Das  Kambium  der  Unterlage  nahm  seine  Tatigkeit 
jedoch  nur  langsam  auf  seiner  ganzen  Ausdehnung  auf.  Die  rechte  Seite  blieb 
auch  weitcrhin  untatig  bis  zu  ihrer  Vercinigung  mit  dem  Reis  (Abb.  19).  Der 
Querschnitt  gab  also  nicht  mehr  das  Bild  des  normalerweise  zu  erwartenden  kon- 
zcfitrischen  Zuwachses.  Die  durch  den  Kopulationsschnitt  verursachte  Reiz- 
irirkung  und  die  cntstehenden  Wundhormone  allcin  geniigcn  also  nicht,  das 
'Cambium  zu  nachhaltiger  Tatigkeit  zu  veranlassen.  Erst  wenn  anscheinend  die 
t^uchsstoffe  des  Reises  in  die  Unterlage  auf  ihrem  ganzen  Umfange  iibertreten 
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auf. 

Die  Produktion  der  vereinten  Kambien  auf  der  rechen  Seite  waren  um  so  unklaier, 
zeigten  um  so  langer  einen  wundholzartigen  Charakter  und  batten  cine  um  so  star- 
ker gemaserte  Struktur,  die  nocb  lange  Zeit  audi  in  den  spater  angelegten  Zell- 
lagen  wicderkehrte,  je  groSer  die  zu  iiberbruckende  Entfernung  zwiscben  Rds 
und  Unterlage  war.  Es  ist  sehr  schwierig,  in  solcben  Fallen  den  Verlauf  von  Gefafi- 
verbindungen  zu  verfolgen  (s.  Abb.  20).  Die  Verhaltnisse  im  Siebteil  braditen 
keine  greifbaren  Unterschiede.  Der  Verfasser  hat  sich  daher  fast  ausschliefilidi 
auf  die  Betrachtung  des  Holzteils  beschrankt. 

B.  Ergebnisse  der  einzelnen  Kombwationen 

a)  DieVeredlungenaufRosaodorata 

Am  2.  Tage  nach  dem  Veredeln  waren  die  verletzten  Randzellen  bereits  gebraunt, 
und  die  unmittelbar  angrenzende  Zellschicht  zeigte  ebenfalls  die  ersten  Spuren 
des  Absterbens.  Am  4.-6.  Tage  verstarkte  sich  wohl  die  Verfarbung,  dehnte  sidi 
aber  nur  selten  weiter  als  uber  die  darunter  liegende  Schicht  hinaus  aus.  An  den 
Stellen,  die  vom  Edelreis  gedeckt  wurden,  war  eine  Verfarbung  des  Wundrandcs 
kaum  zu  beobachten.  Dasselbe  gilt  vom  Wundrand  des  Reises. 

Die  ersten  Anzeichen  der  Wundgummiabsonderung  in  den  GefaBen  machten  sidi 
zunachst  bei  der  Unterlage  am  2.  Tage  bemerkbar.  Sie  hatte  bis  zum  4.  Tage,  an 
dem  sie  auch  im  Reis  deutlich  erkennbar  wurde,  erheblich  zugenommen  und  ver- 
teilte  sich  uber  alle  Gefafie  des  ganzen  Querschnittes,  ein  Zeichen  fur  die  grofie 
Tiefe,  in  die  sich  die  Wundgummimassen  in  den  Gefafien  ausdehnten.  Das  Reis 
blieb  von  einer  Wundgummibildung  in  derartigem  Ausmafi  verschont.  Sie  erstrecktc 
sich  nur  auf  die  in  enger  Nachbarschaft  zur  Schnittflache  befindlichen  Zellen.  Die 
Wundgummiabsonderung,  die  innerhalb  von  5-6  Tagen  ihr  Hochstmafi  erreidite, 
muBte  sich  bei  der  Unterlage  in  der  Langsrichtung  demzufolge  auf  erhebliche 
Tiefen  ausdehnen.  Es  wurden  Tiefen  bis  zu  24  mm  in  der  Unterlage  gegen  hoch- 
stens  11  mm  im  Edelreis  gemessen.  An  dem  vom  Reis  gedeckten  Teil  der  Unter- 
lage war  gegen iiber  dem  ungedeckten  keine  Veranderung  wahrnehmbar.  Die 
Wundgummimassen  erfiillten  die  GefaBe  teils  in  zusammenhangenden  langeren, 
das  Gefafiinnere  vollstandig  verstopfenden  Faden,  teils  nur  in  tropfenformigen 
Ballen. 

Die  3.  Entnahme,  6  Tage  nach  der  Veredlung,  zeigte  die  beginnende  Kallus- 
bildung.  Bei  beiden  Edelsorten  regte  sich  zuerst  das  Kambium.  Die  Unterlage  war 
noch  untatig  geblieben.  Erst  bei  der  Untersuchung  der  4  Tage  spater  entnommenen 
Pflanzen  war  eine  Kallusbildung  von  seiten  des  Kambiums  der  Unterlage  feststell- 
bar,  bei  der  Kombination  mit  „Geheimrat  Duisberg"  jedoch  nodi  sehr  schwadi, 
bei  „Better  Times"  infolge  der  10  Tage  spater  erfolgten  Veredlung  deutlich  star- 
ker. Die  Kalluswucherungen  erreichten  an  Umfang  aber  nie  die  des  Reises.  Das 
Reis  tricb  jetzt  schon  auf  beiden  Seiten  kraftig  Kallus,  der  sidi  nach  aufien,  aber 
auch  in  den  zv^ischen  beiden  Pfropfpartnern  schmalen  Zwischenraum  drangte.  Die 
Sorte  „Geheimrat  Duisberg"  hatte  schon  mit  der  Reisverdickung  durch  sekundarcn 
Holzzuwachs  auf  der  rechten  Seite  begonnen. 

12-14  Tage  nach  dem  Veredeln  batten  sich  die  Kalli  vereinigt.  Die  Vereinigung 
erfolgte,  wenn  sich  die  entsprechenden  Gewebe  annahernd  gleichmafiig  gegenuber- 
lagen,  fortschreitend  von  oben  nach  unten.  Sie  war  im  letzten  Drittel  der  Schnitt- 
flache noch  nicht  vor  sich  gegangen  oder  stand  erst  kurz  bevor.  „Bctter  Times" 

404 


bildung  von  seiten  der  Unterlage  bleibt  weiterhin  schwach  im  Verhaltnis  zum  Reis, 
audi  bei  der  spater  vorgenommenen  Veredlung  mit  „Better  Times".  Sie  ist  auf  der 
rechten  Seite  bei  der  spateren  Veredlung  weiter  entwickelt  als  bei  der  friiheren 
(mit  „Geheimrat  Duisberg"),  doch  hort  bei  den  folgenden  Untersuchungen  die 
Entwicklung  bald  auf.  Es  konnten  nur  Kallusbildungen  durch  das  Kambium  auf 
dieser  Seite  beobachtet  werden.  Die  naher  am  Rande  gelegenen  lebenden  Zellen 
des  Rinden-  und  Siebteils  trockneten  starker  ein ;  das  ganze  Gewebe  war  an  dieser 
Seite  wahrscheinlich  unter  dem  Druck  des  Bastverbandes  in  schrager  Richtung 
zusammengedriickt  worden  (s.  Abb.  3b),  was  an  der  linken  Seite  seiten  beobachtet 
wurde,  beim  Edelreis  iiberhaupt  nicht.  Dies  trifft  audi  fiir  die  iibrigen  Kom- 
binationen  zu.  Das  Reis  zeigte  auf  der  anderen  Seite  dagegen  jene  sdion  be- 
sdiriebene  vermehrte  Kalluserzeugung,  um  die  Oberbrudcung  der  freien  Sdinitt- 
fladie  der  Unterlage  zu  bewerkstelligen  und  die  Verbindung  beider  Kallusgewebe 
herzustellen. 

Die  Oberwallung  der  Kombinationen  mit  R.odorata  gelang  auf  der  rediten  Seite 
der  Veredlungen  wegen  der  ungewohnlidien  Starke  der  Unterlage  nur  in  seltenen 
Fallen  im  Vered lungs jahr  bei  (iberdurdisdinittlidier  Starke  des  Reises  und  ware 
audi  in  den  nadisten  2  Jahren  fiir  den  weitaus  grofiten  Teil  nidit  restlos  zu  erwar- 
ten  gewesen,  wenn  man  bedenkt,  dafi  die  Reiser  von  „Better  Times"  eine  durdi- 
sdinittlidie  Starke  von  4  mm  bei  maximal  5  mm  und  minimal  2,5  mm  besaGen, 
bei  „Geheimrat  Duisberg"  der  Durdisdmittswert  audi  nur  5  mm  bei  etwa  4  mm 
Mindest-  und  6,5  mm  Hodistwert  betrug,  dafi  dagegen  R.odorata  eine  Didce  von 
8-12  mm  hatte  (in  den  Abb.  21a,  b  und  22a,  b  sind  zwei  typisdie  Verwadisungs- 
bilder  von  6  Monate  alten  Veredlungen  beider  Sorten  festgehalten).  Dazu  kommt 
nodi,  da6  die  starken  Reiser  und  die  sdiwadieren  Unterlagen  am  wenigsten  vor- 
handen  waren,  so  dafi  ein  Ausgleidi  innerhalb  der  Starken  von  Reis  und  Unterlage 
in  dem  notwendigen  Umfange  von  vornherein  ausgesdilossen  war.  Aus  dem  Ver- 
haltnis von  Reis  zu  Unterlage,  das  in  extremen  Fallen  bei  „Better  Times"  4:11  und 
bei  „Geheimrat  Duisberg"  5:11  betragt,  also  einen  Untersdiied  von  uber  50  Prozent 
des  Reises  ausmadit,  gehen  die  Sdiwierigkeiten  der  Oberbrudcung  der  fraglidien 
Seite  eindeutig  hervor. 

Nadi  16  Tagen  hatte  sidi  bei  „Geheimrat  Duisberg"  erstmalig  eine  Kambium- 
brudce  vom  Reis  zur  Unterlage  gebildet,  und  zwar  Im  mittleren  Teil.  Auf  beiden 
Seiten  des  Reises  war  die  Bildung  sekundaren  Holzes  im  Gange.  Die  Unterlage 
zeigte  in  dieser  Hinsicht  nur  geringe  Tatigkeit.  Bei  „Better  Times"  war  eine  Ver- 
einigung  der  Kambien  erst  nadi  18  Tagen  zu  bemerken.  Die  nadisten  Proben 
braditen  nidits  wesentlidi  Neues.  Nadi  26  Tagen  zeigten  sidi  in  der  Verwachsungs- 
zone  die  ersten  Produkte  des  gemeinsamen  Kambiums:  eine  sdiwadie  Holzbildung 
mit  Wundholzdiarakter.  Die  Verbindung  beider  Kambien  hatte  nun  audi  im 
unteren  Teil  der  Veredlung  stattgefunden. 

Bis  zur  19.  Entnahme,  die  nadi  ungefahr  1  %  Monaten  vorgenommen  wurde,  ist 
der  Verwadisungsvorgang  diarakterisiert  durdi  die  Bildung  eines  restlos  gesdilos- 
senen  Kambiumringes  auf  der  linken  Seite  der  Veredlung  und  die  Erzeugung 
parenchymatisdier  Holzzellen  in  der  Verwachsungszone.  In  den  Beginn  der  iiber- 
spningenen  Zeit  fallt  die  endgiiltige  Abhartung  der  jungen  Pflanzen  durdi  ver- 
starktes  Luften  bzw.  durdi  voUiges  Entfernen  der  Fenster  des  Vermehrungsbcetes. 
Gegen  Ende  dieser  Zeitspanne  verlor  sidi  der  Wundholzdiarakter  allmahlidi;  das 
Holz  nahm  ein  normales  Aussehen  an.  Im  Wadistum  des  jungen  Triebes  auRert 
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Dickenwachstum  ein,  d.  h.  das  ganze  Kambium  des  Reises  begann  mit  dem  sekun- 
daren  Holzzuwachs,  wodurch  das  einseitige  Dickenwachstum  in  der  Nahe  der 
Schnittflache,  besonders  an  der  rechten  Seite,  ausgeschaltet  wurde.  Nur  an  der 
ungedeckt  gebliebenen  rechten  Seite  der  Unterlage  blieb  der  sekundare  Zuwachs 
aus.  In  diese  Zeit  fiel  die  Anlage  der  ersten  durchgehenden  gemeinsamen  Gefa&- 
bahnen.  Die  folgenden,  in  wochentlichen  Abstanden  entnommenen  4  Proben 
brachten  nur  eine  allmahlich  fortschreitende  Bestatigung  der  gefundenen  Ergeb- 
nisse.  Inzwischen  erfuhren  namlich  die  Pflanzen  durch  das  „Stutzen"  auf  2  oder  3 
normale  Blatter  erneut  eine  gewisse  Wachstumsstockung.  Die  den  Stockungen  fol- 
genden Perioden  flotteren  Wachstums  zeichneten  sich  deutlich  im  Aufbau  des  Holz- 
korpers  durch  Vergrdfierung  des  Gefafilumens  ab.  Sie  waren  bei  alien  ubrigen 
Kombinationen  ebenso  klar  erkennbar. 

Nach  2/^-3  Monaten  wies  der  Aufbau  des  Holzes  in  der  Verwachsungszone  schon 
einen,  dem  normalen  Holz  auBerst  ahnlichen  Aufbau  auf  (vgl.  Abb.  31).  Nur 
stellenweise  zeigten  sich  starkere  Vcrkrummungen  der  Holzfaser,  besonders  dann, 
wenn  sich  bei  der  Verbindung  beider  Kambien  Schwierigkeiten  infolge  schlecfaten 
Sitzes  des  Edelreises  in  den  Weg  gestellt  hattcn.  Es  waren  auch  in  der  tatsadi- 
lichen  Verwachsungszone  zahlreiche  Gefafie  zu  finden.  Sie  waren  in  der  unmittel- 
baren  Verwachsungszone  sehr  kurz  gegliedert,  der  gesamte  Gefafizug  aber  zeigte 
einen  -  im  ganzen  gesehen  -  glatten  Verlauf.  Die  Weite  der  Gefafiverbindungeo 
wich  an  keiner  Stelle  erheblich  von  der  Weite  der  Gefafie  des  Reises  oder  der 
Unterlage  ab.  R.odorata  ist  iibrigens  die  Unterlage,  die  sowohl  zahlenmafiig  als 
auch  in  der  Weite  der  GefaCe  den  Verhaltnissen  in  den  Edelsorten  beinahe  voUig 
gleichkommt.  Es  sei  an  dieser  Stelle  ausdrucklich  darauf  hingewiesen,  dsL&  fur  diese 
Vergleiche  nur  die  unter  denselben  Bedingungen  gleichzeitig  entstandenen  Gewebe- 
partien,  ^also  das  nach  dem  Veredeln  gewachscne  Holz  herangezogen  wurden. 
R.  odorata  besitzt  von  alien  untersuchten  5  Unterlagen  die  weitesten  Gefafie,  die 
durchschnittlich  eher  etwas  weiter  als  die  der  Edelsorten  sind.  Sie  zeigte  aber 
auch  stets  die  grofite  Anzahl  von  Gefafiverbindungen  in  der  Verwachsungszone, 
die  in  ihrem  Bau  des  Holzes  nur  insofern  Unterschiede  brachte,  als  sich  der  ge- 
samte Faserverlauf  im  oberen  Drittel  des  Reises  glatter,  rascher  und  mit  bedeu- 
tend  geringerer  Maserung  gegeniiber  dem  unteren  Drittel  vollzog,  das  stets  star- 
ker gcmasert  war. 

Die  folgenden  Proben  bis  zur  35.  und  letzten  Entnahme  brachten  auBer  standig 
sich  vergrofierndem  Holzkorper  mit  gefafireicher,  kaum  erkennbarer,  tadelloser 
Verwachsungszone  kcine  bemerkenswerten  Unterschiede  zwischen  beiden  Edel- 
sorten der  Abweichungen  vom  normalen  Gewebeaufbau  au6er  den  schon  be- 
schriebenen. 

Ober  die  den  normalen  Verwachsungsverlauf  dieser  beiden  Kombinationen  erheb- 
lich storende  Pilzkrankheit  soil  in  einem  besondercn  Abschnitt  im  Zusammenhange 
mit  den  Manettii-Kombinationen  berichtet  werden. 

b)DieVeredlungauf   Rosamanettii 

Bei  Rosa  manettii  hatte  die  Braunung  der  verletzten  Randzellen  bis  zum  2.  Tagc 
eingcsetzt.  Sie  griff  in  den  ersten  4  Tagen  bis  auf  die  2.  Zellreihe  der  unmittel- 
bar  anschliefienden  unverletzten  Schicht  fiber.  An  den  Beriihrungsflachen  von  Reis 
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abgestorben. 

Wundgummi  zeigte'sich  erst  nach  5-6  Tagen.  Es  wurden  nur  sparliche  Mengen  in 
einzelnen  Gefafien  in  der  Nahe  des  Schnittes  bei  beiden  Pfropfpartncrn  gefunden. 
Die  Wundgummiabsonderungen  steigerten  sich  in  den  Gefafien  der  Unterlage  nur 
sehr  langsam  und  erreichten  ihren  Hohepunkt  innerhaib  3  Wochen.  Wahrend  sie 
sich  bei  den  Edelsorten  auf  die  der  Schnittflache  benachbarten  GefaBe  beschrankte, 
verteiiten  sich  auch  bei  R.manettii  die  verstopften  GefaBe  iiber  den  ganzen  Quer- 
schnitt,  aber  nur  in  unmittelbarer  Nahe  der  Schnittflache  waren  alle  GefaBe  mit 
Wundgummimassen  gefullt  Mit  zunehmender  Entfernung  von  der  Schnittflache 
nahmen  die  verstopften  GefaBe  ab;  an  der  dem  Schnitt  gegcnuberliegenden  Seite 
waren  es  nur  noch  sehr  wenige,  d.  h.  also,  die  Verstopfungen  erreichten  in  den 
Gefafien  keine  groBen  Tiefen.  In  gesunden  Veredlungen  erstreckten  sich  die 
Gummimassen  bis  8  mm  von  der  Schnittflache,  selten  bis  14  mm.  Nur  die  pilz- 
kranken  Veredlungen  hatten  Entfernungen  bis  28  mm  und  dariiber  -  hier  war  die 
Grenze  des  die  Veredlungsstelle  einschlieBenden,  untersuchten  Teiles  -  aufzu- 
weisen,  besonders  bei  einseitiger  Ausdehnung  des  Pilzes  die  befallene  Seite. 

Nach  4  Tagen  waren  die  ersten  Anzeichen  der  Kallusbildung  von  seiten  des 
Reises,  nach  6  Tagen  auch  der  Unterlage,  hier  bei  der  Kombinadon  mit  „Better 
Times"  in  etwas  starkerem  Mafic  vorhanden.  Die  Kalluserzeugung  erfolgte  vorerst 
durch  die  Tatigkeit  des  Kambiums.  4  Tage  spater  war  bereits  die  Vereinigung 
beider  Kalli  bei  „Better  Times",  nach  weiteren  2  Tiagen  bei  „Geheimrat  Duisberg" 
erfolgt.  Die  Zugehorigkeit  des  Kallusgewebes  zu  dem  einen  oder  anderen  Pfropf- 
partner  bleibt  bei  der  Kombination  Duisberg/manettii  noch  verhaltnismaBig  langc 
Zeit  deudich  erkennbar. 

16  Tage  nach  dem  Veredein  konnte  erstmalig  (bei  „Geheimrat  Duisberg")  eine 
Verbindung  der  korrespondierenden  Kambiumenden  beobaditet  werden.  Diesc 
Feststellung  blieb  aber  fur  langere  Zeit  einmalig.  Nach  2  Wochen  begann  bei  „Bet- 
ter  Times"  vor  allem  im  oberen  Teil  der  Veredlung  sich  eine  kambiale  Verbindung 
zu  bilden.  Die  Anzeichen  hierzu  mehrten  sich  nun  von  Entnahme  zu  Entnahme, 
wahrend  die  Sorte  „Geheimrat  Duisberg"  trotz  tadelloser  Kallusvereinigung  wei- 
terhin  ziemlich  inaktiv  blieb.  Die  Schwierigkeiten  im  VerwachsungsprozeB  scheinen 
darauf  zuruckzufuhren  zu  sein,  daB  diese  Sorte  einer  Kreuzung  zwischen  „Rapture" 
und  ,Julien  Potin"  entstammt.  „Julien  Potin"  ist  ein  Abkommling  der  Luteahybride 
„Souvenir  de  Claudius  Pemet".  „Geheimrat  Duisberg"  besitzt  also  durdi  den  einen 
Elter  Pemetianaeigenschaften.  Die  Kallusbildung  der  Unterlage  blieb  weiterhin 
sdiwach,  obwohl  haufi^er  als  bei  R.odorata  sidi  lebende  Elemente  des  Siebteils 
und  der  Rinde  daran  beteili^en.  Nach  16  Tagen  war  bei  der  Kombination  mit 
„Better  Times",  aber  erst  nach  42  Tagen  mit  „Geheimrat  Duisberg"  in  alien  unter- 
suchten Pflanzen  eine  durchgehende  kambiale  Verbindung  auf  der  linken  Seite 
gesichert. 

Die  rechte  Seite  war  zu  dieser  Zeit  -  auBer  bei  zu  groficr  unterschiedlicher  Starke 
zwisdien  Reis  und  Unterlage  -  im  oberen  oder  unteren  Drittel  der  Veredlungs- 
stelle, meistens  im  oberen,  haufig  bei  beiden  Teilen,  auBerst  selten  aber  vollig 
uberwallt.  Wenn  auch  das  Starkeverhaltnis  zwischen  Reis  und  Unterlage  langst 
nicht  so  kraB  wie  bei  den  Kombinationen  mit  R.odorata  ist,  so  betragt  doch  die 
Dicke  des  Reises  von  „Better  Times"  immerhin  durchschnittlich  nur  55  Prozent 
und  von  „Geheimrat  Duisberg"  65  Prozent  der  Dicke  von  R.manettii.  Da  audi 
die  Manettii-Unterlage  keine  intensivere,  kallusbildende  Tatigkeit  entfaltete, 
konnte  hier  mit  einer  ludcenlosen  Oberwallung  im  Veredlungsjahr  ebenfalls  nicht 
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wallt,  aber  noch  keine  Vereinigung).  Im  ubrigen  beteiligte  sich  das  Reis  unter 
gleichgebliebenen  auBeren  Umstanden  in  derselben  Weise  an  der  Cberwallung 
wie  bei  R.odorata.  Audi  bei  diesen  Kombinationen  erfolgte  die  Kallusbildung  auf 
der  linken  Seite  nur  durch  die  Zellen  des  Kambiums. 

Bald  nach  dem  Zustandekommen  der  Vereinigung  beider  Kambiumenden  begano 
nach  anfanglicher  geringer  Wundholzerzeugung  die  Bildung  gemeinsamer  Holz- 
und  Siebteile  mit  radiar  gestellten  Zellreihen.  Die  ersten  Gefafianlagen  in  der 
tatsachlichen  Verwachsungszone  zeigten  sich  nach  9  Wochen.  Sie  wurden  nadi 
2%  Monaten  einwandfrei  bestatigt. 

In  der  Folge  wurde  in  ganz  normaler  Weise  der  Aufbau  des  Sieb-  und  Holzteils 
durch  das  Kambium  fortgesetzt.  Die  eigentliche  Verwachsungszone  war  aber  im 
Gegensatz  zu  den  Verwachsungen  mit  R.odorata  stets  deutlich  auffindbar.  Sie  war 
gekennzeichnet  durch  ihren  Reichtum  an  Tracheiden  und  etwas  weniger  Tradieen 
ais  die  Odorata-Kombinationen,  hatte  aber  ebenfallls  nur  eine  geringe  oder  gar 
keine  Maserung  aufzuweisen.  Die  Gefafiverbindungen  verliefen  demzufolge  ziem- 
lich  giatt.  Sie  waren  sehr  kurz  gegliedert.  Die  Querwande  der  einzelnen  Glieder 
warcn  fast  immer  aufgeldst  worden.  Auch  R.manettii  weist  ira  Querschnitt  sehr 
zahlreiche,  weitlumige  Gefafie  auf,  die  in  Zahl  und  Gestalt  denen  der  Edelsorteo 
auf^rst  ahnlich  sind.  Das  Lumen  ist,  im  ganzen  gesehen,  etwas  kleiner  als  das 
von  R.odorata.  Der  Faserverlauf  in  der  oberen  Halfte  der  Veredlungszone  gestal- 
tete  sich  fast  ohne  Maserungen,  dagegen  war  sie  im  unteren  Teil  manchmal  starker 
gemasert  und  brachte  fast  nie  die  ersten  Gefafiverbindungen. 
Die  letzten  Entnahmen  stehen  unter  dem  Zeichen  der  Gewebezerstoningen  durdi 
die  noch  zu  schildernde  Pilzkrankheit.  In  den  wenigen  Fallen,  in  denen  eine  restlosc 
Oberbriickung  der  rechten  Seite  gegliickt  war,  ist  von  einem  gemeinsamen  Kam- 
bium noch  keine  Rede.  Gerade  sie  war  den  Zerstorungen  durdi  den  Pilz  in  hohem 
Mafte  ausgesetzt. 

c)  Die  Veredlungen  auf  Rosa  canina 

Die  Veredlungen  auf  R.canina  zeigten  bereits  bei  der  ersten  Entnahme  die  durdi 
den  Absterbeprozefi  der  verletzten  Zellen  gebraunten  Wundrander  und  sehr  wenig 
Wundgummibildung  ausschlicBlich  in  der  Nahe  des  Schnittes.  Die  unter  den  ver- 
letzten Zellen  liegende  Schicht  war  auch  bei  den  nachsten  Proben  nicht  gebraunt 
Die  Wundgummiabsonderung  erstreckte  sich  im  Laufe  von  10  Tagen  in  den  Ge- 
fafien  der  Unterlage  nur  3-4  mm  weit  von  der  Schnittflache,  im  Reis  12-16  mm. 
Nur  in  unmittelbarer  Nahe  des  Kopulationsschnittes  waren  es  groBere  zusammen- 
hangende  Massen;  in  einiger  Entfernung  fand  man  nur  tropfenformige  Zusammen- 
ballungen,  die  die  GefaBe  meist  nicht  mehr  voUig  verstopften.  Diese  Beobaditung 
hangt  sicher  in  erster  Linie  mit  dem  bei  diesen  Kombinationen  rasch  vor  sidi 
gehenden  Verwachsungsprozefi.zusammen,  andererseits  kann,  was  die  Unterlage 
betrifft,  die  im  Vergleich  zu  R.  odorata  und  R.  manettii  erheblich  geringere  An- 
zahl  der  Gefafte  und  ihr  ebenfalls  kleineres  Lumen,  das  etwa  80-90  Prozent  des 
Lumens  der  Gefafie  von  R.  odorata  bzw.  R.  manettii  betragt,  eine  gewisse  Rollc 
spielen.  Zu  beachten  ist  ferner,  dafi  das  Starkeverhaltnis  von  Reis  zu  Unterlage 
4:6  bei  „Better  Times"  bzw.  5:6  bei  „Geheimrat  Duisberg"  betragt,  wodurch  keine 
lange  oflFcn  bleibenden  Wunden  bestanden,  sondern  auch  auf  der  rechten  Seite 
durch  Kalluswucherungcn  bald  gedeckt  werden. 

Die  Kallusbildung  setzte  sehr  fruh  ein,  namlich  schon  am  2.  Tage  nach  dem  Vcr- 
edeln,  bei  „Better  Times"  allerdings  erst  vom  3.  Tage  an.  Es  ist  bemerkcnswcrt, 
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Elemente  der  Rinde  und  des  Bastes  beteiligt  waren,  sehr  viel  haufiger  wenigstens, 
als  das  bei  den  bisher  besprochenen  Kombinadonen  beobachtet  werden  konnte. 

Die  Ursachea  fur  diese  zeidgen  und  intensiv  einsetzendcn  Verwachsungsvorgangc 
sind  anscheinend  in  einer  giinstigen  gegenseidgen  Beeinflussung  beider  PfropE- 
partner  -  moglicherweise  durch  Wundhormone  -  2u  suchen.  Die  Umweltsbedin- 
gungen  bieten  hierfiir  keine  Anhaltspunkte.  Die  Witterung  war  gleidimafiig  triibe, 
und  die  Standortsverhaltnisse  im  Vermehrungsbeet  wie  Temperatur.  und  Feuchtig- 
keit  waren  in  dicsen  Fallen  die  gleichen  wie  bei  den  oben  behandelten  Kombina- 
donen. Nach  6  Tagen  waren  erhebliche  Kalluswudierungen  vorhanden  -  bei 
„Better  Times"  allerdings  wie  immer  deutlich  schwacher.  Auf  der  rechten  Seitc 
des  Reises  zeigte  sidi  bereits  Zweitholzbildung  neben  sehr  starken  Kalluswiilsten. 
Die  Linterlage  beteiligte  sidi  an  der  Kalluserzeugung  nur  mittels  des  Kambiums, 
seltener  durdb  das  ubrige  lebende  Gewebe.  Der  Durchbruch  der  „Isolierschicht" 
des  Reises  crfolgte  manchmal  gleichzeidg  an  mehreren  Stellen  durch  Beiseite- 
drangen  der  toten  Zellreste.  Audi  bei  dieser  Kombinadon  war  die  Kallusbiidung 
im  gleichen  Abstand,  vom  Tage  der  Veredlung  an  gerechnet,  mit  „Better  Times** 
infolge  des  spateren  Veredelns  dieser  Sorte  etwas  starker,  was  aber  im  weitcren 
Verwachsungsverlauf  durch  die  rasche,  stedge  Entwicklung  nicht  mehr  wahrnehm- 
bar  in  Erscheinung  trat. 

Nach  14  Tagen  waren  die  Kalli  vereinigt.  Reis  wie  Unterlagc  hatten  mit  der  Bil- 
dung  von  Zweitholz  begonnen.  Die  freiliegende  Seite  der  Unterlage  allerdings 
war  noch  untatig  geblieben,  obwohl  sie  stellenweise  schon  vom  Reis  iiberwallt 
worden  war.  Die  zwei  Tage  spater  entnommenen  Proben  brachten  die  Verbindung 
der  korrespondierenden  Kambiumenden  auf  der  linken  Seite.  In  der  Folgezeit 
beschrankte  sich  die  Tatigkeit  des  durchgehenden  Kambiums  auf  eine  geringe 
Holzbiidung,  die  erst  ganz  allmahlich  normalem  Holz  ahniiche  Struktur  annahm. 
Der  Grund  fur  die  jetzt  langsam  fortschreitende  Entwicklung  der  Verwachsung 
scheint,  wie  schon  friiher  angedeutct,  vor  allem  in  den  notwendigen  KulturmaG- 
nahmen  zu  liegen. 

Nach  knapp  2  Monaten  waren  die  ersten  gemeinsamen  GefaBe  in  der  Ver- 
wachsungszone  entwickelt.  In  einer  grofieren  Anzahl  der  Veredlungen  hatten  die 
Kalluswucherungen  des  Reises  unter  Mitwirkung  starken  Zweitholzzuwachses  die 
rechte  Seite  der  Unterlage  fast  vollig  iiberwallt  und  die  Vereinigung  beider  Pfropf- 
partner  herbeigefiihrt.  Bei  einigen  war  auch  bereits  eine  Verbindung  beider  Kam- 
biumenden zustande  gekommen,  die  in  manchen  Fallen  schon  zu  gemeinsamer 
Zweitholzbildung  gefuhrt  hatte.  Wie  aus  Abb.  23e,  f,  und  24e,  f  ersichtlich,  sind 
die  Veredlungen  auf  der  rechten  Seite  ausgezeichnet  iiberwallt.  Die  rechte  Seite 
ist  stets  leicht  an  der  breiten  „Verwachsungsnaht",  wie  die  verwachsene  Schnitt- 
stelle  von  Kauscbe  (26)  genannt  wird,  kenntlich.  Bis  zur  Vereinigung  beider  Kalli 
hatten  sich  als  mechanische  Stiitze  Nester  von  Holzfasern  gebildet.  Nach  ihrer 
Vereinigung  konnten  bis  zur  Entstehung  des  geschlossenen  Kambiumringes  haufig 
Zellkomplexe  mit  tracheidalem  Charakter  beobachtet  werden,  die  anscheinend 
die  unterbrochene  Wasser-  und  Nahrstoffversorgung  in  starkerem  Mafie  wieder- 
herstellen  sollten,  als  das  durch  das  intermediare  Gewebe  moglich  war.  Erst  nadi 
Bildung  eines  durchgehenden  Kambiums  setzte  an  dieser  Seite  der  Unterlage  die 
normale  Tatigkeit  des  Kambiums  wieder  ein.  Solange  es  nur  zu  einer  Vereinigung 
beider  Kalli  gekommen  war,  hatte  die  kallusbildende  Tatigkeit  der  Pfropfpartner 
nicht  aufgehort;  es  waren  vielmehr  grofiere  Kalluswucherungen  entstanden,  deren 
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ein  nnae  tana,  uas  von  aiesem  Kambium  erzeugte  Holz  erreichte  im  Veredlungs- 
jahr  nicht  immer  voUig  das  Aussehen  normalen  Holzes.  Es  wies  oft  sehr  starke 
Verkriimmungen  auf,  und  in  der  Verwachsungszone  waren  nur  wealge  Gefaft- 
verbindungen  zu  entdecken.  Audi  die  linke  Seite  zeigte  oft  starke  Maserungen, 
was  besonders  fiir  den  unteren  Teil  der  Veredlung  zutrifft 

Die  engere  Verwachsungszone  war  bei  diesen  Kombinationen  stets  schnell  fest- 
stellbar,  besonders  bei  den  zuletzt  entnommenen  Pflanzen,  die  schon  einen  be- 
trachtlichcn  Zweitholzkorper  aufzuweisen  batten.  Wie  bereits  in  anderem  Zusam- 
menhange  hingewiesen,  besitzen  die  Gefafie  der  R.  canina  eine  Weite,  die  durdi- 
schnittlich  etwa  90  Prozent  der  der  Edelsorte  betragt.  Besonders  auffallig  ist  aber 
die  geringere  Anzahl  im  Vergleich  zur  Edelsorte.  Da  zur  Kopulation  bei  R.  canina 
der  Wurzelhals,  wie  bei  Samlingsunterlagen  iiblich,  benutzt  wurde,  was  bei 
R.  odorata  und  R.  manettii  auf  Grund  der  Steckholzvermehrung  -  fur  die  b^ 
kanntlich  einjahrige,  ausgereifte  Triebe  genommen  werden  -  nidit  mogJich  war, 
wurden  zur  Sicherstellung  dieses  anatomischen  Befundes  Triebe  von  Canina- 
Unterlagen  untersucht.  Es  waren  Triebe  aus  einem  Rosenhaus,  sogenannte  „Wild- 
triebe",  die  also  ebenfalls  unter  Gewachshausbedingungen  wie  die  untersuchten 
Vcredlungen  gewachsen  sind.  Sie  mufiten  als  Bodentriebe  sicher  weitlumigere 
Gefafie  aufweiscn,  trotzdem  bestatigten  sich  die  vorher  gemachten  Beobachtungen 
nahezu  voUig:  Die  Gefafie  blieben  zahlenmafiig  geringer  und  auch  etwas  engcr. 

Es  mu6  jedoch  darauf  hingewiesen  werden,  dafi  R.  canina  keinen  einheitlichen 
Begriff  darstellt.  Betrachtet  man  ein  Samlingsquartier  dieser  Art,  dann  findet  man 
mancherlei  Typen  nebeneinander.  Neben  den  Unterschieden  in  der  Bestachelung, 
starken  und  schwachen  Wachsern  findet  man  alle  moglichen  Wuchs-  und  Verzwci- 
gungsformen  (vgl.  hierzu  v.  Ratblef  (53),  Merkmale,  die  sich  sidierlich  audi  im 
feineren  anatomischen  Aufbau  bemerkbar  machen.  Die  hier  untersuchten  Unter- 
lagen  von  R.  canina  weisen  deutlich  Schwankungen  in  den  anatomischen  Bildem 
auf,  wofilr  m.  E.  Fragen  der  Ernahrung  von  zweitrangiger  Bedeutung  sind,  ob- 
wohl  sie  in  grofieren  Quartieren  bei  der  baumschulmafiigen  Anzudit  nidit  zu  ver- 
meiden  sind  und  ihren  Eindufi  geltend  machen  werden.  In  ahnlidier  Weise  sind 
physiologisch  unterschiedliche  Typen  in  der  Spezies  R.  canina  herauszufinden.  Als 
Beweis  hierfiir  konnen  die  zahlreichcn  Auslesen  von  Unterlagentypen  dieser  Art 
herangezogen  werden.  In  den  eben  angefiihrten  Tatsachen  sdieint  auch  der  Grund 
fur  die  oft  unterschiedliche  regenerative  Tatigkeit  am  Anfang  des  Verwachsungs- 
prozcsses  (Kallus-  und  Kambiumbildung)  zu  suchen  zu  scin.  Es  wurde  daher  an- 
gestrebt,  ohne  zunachst  den  Nachweis  der  moglicherweise  bestehenden  Bcziehun- 
gen  zwischen  dem  anatomischen  Aufbau  und  den  physiologischen  Aufierungen 
crbringen  zu  konnen,  moglichst  nur  durdischnittliche  Verbal tnisse  einer  eingehen- 
den  Betrachtung  zu  unterziehen.  Trotzdem  war  es  schwierig,  fiber  die  Struktur  der 
Gefafiverbindungen  Klarheit  zu  bekommen.  AuBerdem  erschwerte  die  hier  starker 
auftretende  Maserung  die  Untersudiung  der  Verwachsungszone  erheblich.  Im  all- 
gemcinen  war  festzustellen,  daB  die  GefaBverbindungen  weniger  zahlreich  waren. 
Sie  batten  auch  nicht  jenen  glatten,  bei  R.  odorata  und  R.  manettii  beobachteten 
Verlauf.  Manchmal  sdioben  sich  die  Gefafie  langsseits  ein  Stiidc  nebeneinander 
(Abb.  24-27).  In  diesen  Fallen  unterblieb  meist  die  Auflosung  der  Querwande. 
Der  groBte  Teil  der  ausgebildeten  Leitungsbahnen  in  der  Verwadisungsregioa 
bestand  jedoch  aus  echten  Gefafien,  deren  ehemalige  Glieder  sehr  kurz  waren. 
Ebenso  waren  die  Tradieiden  sehr  kurzzellig. 
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>ie  Braunung  der  Wundrander  setzte  bereits  nach  2  Tagen  ein  und  beschranktc 
ch  fast  aussdiliefilich  auf  die  durch  den  Kopulationsschnitt  verletzten  Zellen.  Die 
/undgummibildung  war  sehr  gering  und  begann  verhaltnismafiig  spat,  nach  etwa 

Tagen.  Die  GefaBe  der  Unterlage  waren  nur  auf  ganz  kurze  Entfernung  (3-4 
itn)  von  der  Sdbnittflache  vollig  verstopft,  selten  weiter  als  10  mm.  Es  konntcn 
ann  meist  nur  winzige  Tropfchen  festgestellt  werden.  Audi  im  Reis  wurden  nur 
;hr  wenig  Wundgummiabsonderungen  beobachtet 

>as  Kambium  der  Pfropfpartner  zeigte  in  den  ersten  6  Tagen  eine  auffallende 
laktivitat,  dann  erst  wurden  Zellteilungen  und  Zellwachstum  in  Richtung  auf 
sn  Wundrand  unter  gleichzeitigem  Durchbrechen  der  toten  Zelischicht  festgestellt. 
Fach  8  Tagen  war  die  Kallusbildung  bei  alien  untersuchten  Pflanzen  im  Gange. 

Tage  spater,  mit  Sicherheit  aber  nach  insgesamt  12  Tag^m,  batten  sich  beide 
lalli  vereinigt.  Die  Unterlage  war  in  den  meisten  Fallen  stark  an  der  Kallus- 
ildung  beteiligt.  Sie  hatte  die  starkste  Beteiligung  von  alien  untersuchten  Unter- 
igen  aufzuweisen.  Auch  die  rechte  Seite  war  an  einigen  Stellen  schon  uberbriickt. 
rotzdem  erreichten  die  Kalluswucherungen  gegeniiber  den  iibrigen  Kombinatio- 
en  keinen  so  grofien  Umfang. 

fach  3  Wochen  waren  die  korrespondierenden  Kambiumenden  grofitenteils  ver- 
inigt  und  die  rechte  Seite  der  Unterlage  unter  starker  Mithilfe  ihres  Kambiums 
urch  das  Wundgewebe  des  Reises  fast  vollig  iiberwallt.  DieWuchsbilder  Abb.  21  g, 

und  21  i,  k  sehen  denen  der  Canina-Kombinationen  sehr  ahnlich.  Da  das  Starke- 
erhaltnis  von  Reis  zu  Unterlage  das  gleiche  wie  bei  den  Kombinationen  auf 
..  canina  war,  handelt  es  sich  hierbei  unter  Beriicksichtigung  der  Wachstumsinten- 
tat  um  ahnliche  Bedingungen.  Der  sekundare  Holzzuwachs,  der  bei  ^Better 
imes"  nach  8  Tagen,  bei  „Geheimrat  Duisberg"  nach  2V2  Wochen  einsetzte,  war 
ei  diesen  beiden  Kombinationen  verhaltnismafiig  gering.  Auch  auf  der  linken 
eite  blieb  er  gegeniiber  den  iibrigen  Kombinationen  zuriick.  Der  Sorte  „Better 
imes"  scheint  die  Veredlung  auf  R.  can.  Senff  besser  zuzusagen  als  „Geheimrat 
)uisberg".  Der  ganze  Verwachsungsverlauf  zeigte  die  Tendenz  einer  rascheren 
ereinigung  und  flotteren  Wachstums.  Die  Zweitholzbildung  war  etwas  starker, 
nd  auch  die  Anlage  der  Gefafie  in  der  Verwachsungszone  scheint  eher  von- 
latten  gegangen  zu  sein.  Entsprechend  dem  anatomischen  Aufbau  entwickelte 
ch  der  Austrieb  flotter  und  kraftiger  als  bei  „Geheimrat  Duisberg".  Bedauer- 
cherweise  besafi  das  Institut  keine  vergleichbaren  Ertragsergebnisse  mit  ^Better 
'imes".  Es  ist  aber  anzunehmen,  dafi  sie  im  Vergleich  zu  den  iibrigen  Unterlagen 
icht  so  stark  absinken  wiirden,  denn  es  gibt  auch  einige  Sorten,  die  auf  R.  can. 
enff  veredelt,  nicht  in  einem  derartigen  Abstand  liegende  Ertrage  lieferten,  wenn 
e  auch  an  die  Veredlungen  auf  R.  odorata  und  R.  manettii  nicht  heranreichten 
iTgL  Tab.  2,  S.  420).  Auch  ihre  Abstammung  -  der  eine  Elter  ist  die  Sorte  „Ophe- 
a",  mit  der  z.  B.  „Rapture"  als  Sport  von  „Mad.  Butterfly"  sehr  eng  verwandt 
;t  -  lafit  in  dieser  Richtung  positive  Schliisse  zu. 

)ie  ersten,  einwandfrei  festzustellendcn  Gefafiverbindungen  fanden  sich  bei  bei- 
en  Sorten  erst  nach  nicht  ganz  2Vj  Monaten.  Nur  bei  einer  Veredlung  mit  „Ge- 
eimrat  Duisberg"  zeigte  sich  in  der  Verwachsungszone  eine  starke  Angleichung 
es  Holzes  an  den  normalen  Aufbau  mit  durchgehender  Gefafiverbindung  nach 

Wochen.  Die  Oberwallung  beider  Seiten  war  bei  einer  groBen  Zahl  fast  liicken- 
»s  erfolgt.  In  einzelnen  Fallen  war  der  Kambiumring  wieder  vollig  geschlossen. 
^as  bis  zum  Ende  des  Veredlungsjahres  gebildete  H0I2  wies  iiberall  eine  starkere 
[aserung  auf,  die  nach  unten  erheblich  zunahm.  Da  der  Holzteil  von  R.  can.  Senff, 
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Gefafiverbindungen  erwartet  werden.  Es  finden  sich  dort  neben  den  Markstrahlen 
fast  nur  Trachciden.  Die  cinzelnen  Zellen  sind  sehr  kurz.  Die  wenigen  durdi- 
gehenden  Leitungsbahnen  stellen  echte,  stark  getupfelte  GefaBe  dar,  obwohl  audi 
bei  R.  can.  Senff  manche  der  Leitungsbahnen,  deren  Querwande  nicht  aufgelost 
wurden,  tracheidalen  Charakter  tragen.  Ein  grofier  Teil  der  vom  Reis  gebildeten 
GefaBe  endet  blind  in  der  Verwachsungszone,  d.  h.  ihre  Endigungen  legen  sidi 
den  Tracheiden  an.  Es  war  wegen  der  starken  Maserung  des  Holzes  oft  kaura 
moglich,  die  Gefafie  in  den  Langsschnitten  selbst  unter  Zuhiifenahme  der  Nadi- 
barschnitte  zu  verfolgen. 

e)  Die  Veredlungen  auf  Rosa  pollmeriana 

Die  Wundrander  starben  innerhalb  von  2  Tagen  ab  und  zeigten  die  typisdie 
braune  Verfarbung.  Hiervon  wurden  nur  die  vcrietzten  Zellen  betroffen.  Nadi 
4  Tagen  konnten  die  ersten  Wundgummiabsonderungen  beobachtet  werden.  In 
den  Gefafien  der  Unterlage  waren  nach  4  mm  Entfernung  vom  Wundrand  kaum 
noch  Verstopfungen  zu  finden.  Im  Reis  lagen  die  Verhaltnisse  ahnlich.  Nur  bei 
„Better  Times"  wurden  mitunter  Gummibildungen  meist  in  Form  tropfenformiger 
Zusammenballungen  auf  sehr  weite  Strecken  angetroffen. 

Am  6.  Tage  hatte  die  Kallusbildung  durch  das  Kambium  iiberall  eingesetzt.  Sie 
wurde  audi  spaterhin  so  gut  wie  allein  durch  kambiale  Tatigkeit  bestritten.  Bei 
den  Veredlungen  mit  „Better  Times"  war  die  Beteiligung  seitens  der  Unterlage 
etwas  starker,  wohl  auf  Grund  der  einige  Tage  spater  erfolgten  Kopulation.  Die 
nachsten  Untersuchungen  brachten  nur  eine  steigcnde  Kalluserzeugung.  Nadi 
14  Tagen  waren  die  Kalli  vereinigt.  Die  Vereinigung  beider  Gewebe  erfolgte  im 
Laufe  der  nachsten  Tage  so  ausgezeichnet,  daB  die  Grenze  ihrer  Herkunft  nidit 
mehr  erkennbar  war.  Auf  der  rechten  Seite  war  die  Oberbriickung  in  erster  Linic 
durch  vcrmehrte  Kaiiuswucherungen  und  Zweitholzzuwachs  seitens  des  Reises  in 
vollem  Gange. 

4  Tage  spater  wurde  bei  den  entnommenen  Proben  die  Verbindung  der  zusam- 
mengehorigen  Kambiumenden  festgestellt.  Auf  der  rechten  Seite  waren  teilweise 
schon  eine  Oberwallung  und  Vereinigung  beider  Kambien  zustandegekommen. 
Da  die  Unterlage  wie  bei  R.  canina  und  R.  can.  Senff  etwa  20  Prozent  bzw.  im 
Falle  „Better  Times"  35  Prozent  starker  war  als  das  Reis,  konnte  hier  mit  ahn- 
lichen  Schwierigkeiten  gerechnet  werden. 

Die  folgenden  Untersuchungen  brachten  wie  bei  den  iibrigen  Kombinationen  in 
dieser  Periode  keine  wesentlichen  Fortschritte.  Das  durchgehende  Kambium  er- 
zeugte  tracheidenreiches  Holz,  das  noch  keine  Anlagen  von  GefaBen  in  der  Ver- 
wachsungszone aufwies. 

Die  ersten  GefaBverbindungen  wurden  nach  5  Wochen  an  2  Veredlungen  beob- 
achtet. Hier  war  auch  schon  beiderseits  der  Kambiumring  geschlossen.  Alles  in 
allem  hatte  man  in  diescn  beiden  Fallen  sehr  giinstig  verlaufende  Operationcn 
vor  sich  gehabt.  Die  Untersuchungen  der  Proben  der  nachsten  14  Tage  braditcn 
mehr  und  mehr  Anzeichen  fiir  die  Bildung  von  GefaBverbindungen.  Nadi  2'/» 
Monaten  lieBen  sie  sich  eindeutig  nachweisen,  zuerst  bei  „Better  Times",  1  Wodic 
spater  auch  bei  „Geheimrat  Duisberg". 

R.  pollmeriana  besitzt  einen  ahnlidien  anatomisdien  Aufbau  wie  R.  canina.  Sic 
bietet  ebenfalls  kein  einheitliches  Unterlagenmaterial,  obwohl  die  Sdiwankungco 
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nicht  so  groiS  wie  bei  R.  canina  sind.  Die  Verbindung  der  Gefafie  ging  in  sehr 
ahnlicher  Weise  vonstatten:  Die  Maserung  war  dementsprechend  geringer  als  bei 
R.  can.  Senff .  Kurzgiiedrige,  nicht  sehr  zahireiche  Leitungsbahnen  kennzeichnen 
auch  hier  die  Verwachsungszone.  Es  sind  meist  echte  Gefafie.  Nur  einige  -  man 
mochte  sie  wegen  der  oft  raehr  oder  weniger  weiterbestehenden  Querverbindun- 
gen,  der  Tiipfelung  und  ihres  gegeniiber  den  tatsachlichen  Tracheiden  grofien  Lu- 
mens als  „Gefafitracheiden  bezeichnen  -  liegen  mit  ihren  Endigungen  auf  grofiercn 
Strecken  nebeneinander. 

Die  Aufnahmen  der  6  Monate  alten  Veredlungen  (Abb.  21  i,  k  und  22i,  k)  zeigen 
schone  gleichmafiige  Verwachsungsbilder.  Bei  ,,Geheimrat  Duisberg"  war  die 
Oberwallung  der  rechten  Seite  noch  nicht  lange  erfolgt.  Im  iibrigen  sehen  die  Ver- 
edlungen der  Canina-Gruppe  aufierlich  betrachtet  alie  ahnlidi  aus.  Allein  der 
gleichmafiige,  kraftige  und  gesunde  Austrieb  und  seine  ausgezeichnete  Weiter- 
entwicklung  lassen  neben  dem  anatomischen  Befund  in  R.  pollmeriana  in  der  Tat 
eine  brauchbare,  ertragreiche  Unterlage  vermuten. 

C.  Vergleichende  Betrachtung  der  Einzelkombinationen  unter  Bezugnahme  auf 
die  Ertragsleistung  der  Edelsorten  auf  den  verschiedenen  Unterlagen 

Der  Vergleich  des  Wundheilungs-  und  Verwachsungsvcrlaufs  weist  fiir  die  ein- 
zelnen  Unterlagen  zeitliche  Unterschiede  auf,  die  aber  letzten  Endes  fiir  das  Zu- 
standekommen  der  Verwachsung  an  sich  ohne  Belang  sind.  Die  Wundgummi- 
bildung,  im  allgemeinen  ein  Zeichen  offener  Wunden  (9,  21),  beschrankte  sich  bei 
den  Edelsorten  und  den  Canina-Typen  nur  auf  sehr  wenige,  in  nachster  Nahe  des 
Sdmittes  liegende,  vereinzelte  Gefafie  und  erfiillte  die  Gefafie  selbst  meist  nur 
auf  ganz  kurze  Strecken.  Dagegen  verteilten  sich  die  Wundgummimassen  in  den 
Gefafien  bei  R.  odorata  und  R.  manettii  auffallend  iiber  den  ganzen  Querschnitt 
und  erreichten  in  den  Gefafibahnen  betrachtliche  Tiefen.  Bei  den  Edelsorten 
zeigte  sich  eine  verschieden  starke  Gummibildung,  je  nachdem  auf  welche  Unter- 
lage sie  veredelt  worden  waren.  Die  augenscheinliche  Beeinflussung  der  Starke 
der  Wundgummibildung  durch  die  Unterlage  ist  merkwiirdig  und  schwer  zu  be- 
griinden.  Das  Lumen  der  im  Erstholz  angelegten  Gefafie,  das  bei  R.  odorata  und 
R.  manettii  durchweg  fast  doppelt  so  grofi  war  wie  bei  der  Canina-Gruppe,  konnte 
vielleicht  hierbei  von  Bedeutung  sein,  indem  namlich  Wundgummiabsonderungen 
veranlassende  Wundparasiten  mehr  oder  weniger  leicht  Zutritt  in  die  Leitungs- 
bahnen erhalten  haben.  Der  Befall  durch  G)niothyrium  fuckelii  allein  ist  hierfur 
nicht  verantwordich  zu  machen,  weil  auch  die  vollig  gesunden  Pflanzen  die  Ver- 
stopfungen  in  gleicher  Hohe  zeigten. 

Worauf  das  auffallend  grofie  Lumen  der  Gefafie  wie  auch  der  iibrigen  Elemente 
im  Holz  von  R.  odorata  und  R.  manettii  beruht,  kann  nicht  mit  Sicherheit  gesagt 
werden.  Es  mufi  einer  zu  reichlichen  Ernahrung  oder  einem  nicht  geniigend  aus- 
geglichenen  Nahrstoffverhaltnis  zugeschrieben  werden,  denn  trotz  der  klimadsch 
im  Vergleich  zum  Freiland  sicher  giinstigeren  Bedingungen  im  Vermehrungsbcet 
ist  das  nach  dem  Zeitpunkt  der  Veredlung  angelegte  Gewebe  erheblich  englumi- 
ger.  Beginn  und  Intensitat  der  Kallusbildung  beider  Edelsorten  sind  auf  den  ein- 
zelnen  Unterlagen  verschieden  und  lassen  artspezijfische  Wundhormone  bei  den 
Unterlagen  vermuten,  die  im  Zusammenwirken  mit  den  Wundhormonen  der 
Edelsorten  die  Kallusbildung  mehr  oder  weniger  stark  beeinflussen.  Wahrschein- 
licher  aber  mag  die  Moglichkeit  sein,  dafi  die  Unterlagen  nur  befahigt  sind,  be- 
stimmte  Mengen  an  Wundhormonen  zu  erzeugen.  Durch  diese  quantitative  Ein- 
wirkung  allein  ware  eine  zeitlich  verschieden  einsetzende  Kallusbildung  schon 


6  Tage  nach  der  Veredlung  war  sie  bei  R.  odorata  und  R.  pollmeriana  und  nadi 
8  Tagen  bei  R.  can.  Senff  festzustellen.  Die  gebildeten  Kallusmassen  sind  die 
Voraussetzung  fiir  das  Anwachsen  des  Reises.  Sie  fullen  den  zwisdien  Reis  uod 
Unterlagc  immer  vorhandenen  Raum  je  nach  dem  Umfang  des  erzeugten  Wund- 
gewebes  in  verschieden  grofiem  Mafie  aus.  Die  Mengen  sind  abhangig  von  der 
regenerativen  Fahigkeit,  aber  auch  von  der  Wuchskraft  der  Edelsorten,  denn  vor- 
nehmlich  auf  ihrer  Initiative  beruht  das  Gelingen  der  Winterveredlung  der  Rosen. 
Cber  die  unterschiedliche  Regeneradonsfahigkeit  der  verwendeten  Edelsorten 
wurde  schon  weiter  oben  gesprochen.  Es  kommt  nicht  auf  den  absoluten  Umfang 
des  erzeugten  Wundgewebes  an.  Die  in  der  erzeugten  Menge  zum  Ausdrud 
kommende  regenerative  Kraft  ist  eine  Sorteneigenschaft.  Graduelle  Unterschiedc 
in  der  Kallusentwiddung  sind  aber  nicht  entscheidend  fiir  das  Gelingen  der  Ver- 
edlung, sie  zeigen  jedoch  manchmal  bei  der  Kombination  e  i  n  e  r  Sorte  mit  ver- 
schiedenen  Unterlagen  den  mehr  oder  weniger  glatten  Verlauf  des  Ver- 
wachsungsprozesses  an.  Fiir  die  Verwachsung  zweier,  in  dieser  Beziehung  unter- 
schiedlicher  Sorten  bieten  die  Kombinationen  auf  R.  manettii  ein  schones  Beisptel. 
Trotz  starker  Wundgewebeerzeugung  bei  .„Geheimrat  Duisberg"  geht  die  Ver- 
wachsung nur  langsani  vor  sich,  wahrend  ^Better  Times"  trotz  geringer  Wund- 
gewebeentwicklung  das  Bild  einer  schnellen,  glatten  Verwachsung  bot  Die  Sorte 
^Geheimrat  Duisberg"  zcigt  auf  R.  odorata  und  R.  pollmeriana  bei  aufmerksamer 
Beobachtung  keine  so  starke  Kallusbildung  wie  auf  R.  manettii  und  R.  can.  ScaS. 
Ihre  Veredlung  auf  R.  canina  gibt  in  dieser  Hinsicht  kein  klares  Bild.  Durdi- 
schnittlich  betraditet,  mochte  man  ihr  den  Platz  zwischen  den  beiden  Gruppen 
einraumen.  Die  Ergebnisse  der  Untersuchungen  dieser  ersten  Stadien  lassen  aber 
noch  keine  Beziehungen  zu  den  spateren  physiologischen  Aufierungen  der  schein- 
bar  fertigen,  zum  Individuum  gewordenen  Pflanze  erkennen. 

Die  Vereinigung  beider  Kalli  ist  die  zweite  bedeutende  Phase  fiir  das  Gelingen 
der  Veredlung.  Von  nun  an  kann  die  Nahrstoff-  und  Wasserversorgung  des  Reises 
durch  das  intermediare  Gewebe  erfolgen.  Die  Vereinigung  der  Kalli  war  nadi 
4-6  Tagen,  vom  Beginn  der  Kallusbildung  an  geredinet,*vollzogen,  nur  R.  poll- 
meriana benotigte  8  und  R.  canina  sogar  12  Tage,  ohne  dafi  bei  der  mikroskopi- 
schen  Betrachtung  wahrnehmbare  Schwierigkeiten  aufgetreten  waren.  Hier  liegt 
tatsachlich  nur  ein  langsameres  Wachstum  des  Kallusgewebes  vor.  Den  Eindrudc 
von  einer  gewissen  Schwierigkeit  bei  der  Vereinigung  der  Pfropf partner  hatte  man 
viel  eher  bei  der  Kombination  Duisberg/manettii,  der  sich  spater  nur  nodi  ve^ 
starkte.  Er  au6erte  sich  beim  Aufeinandertreffen  beider  Kalli  dadurdi,  dafi  das 
Wundgewebc  zunachst  aneinander  entlanggleitend  weiterwuchs  und  sich  erst  un- 
ter  dem  steigenden  Druck  des  wachsenden  Kallus  vereinigte.  Dagegen  crfolgte 
die  Vereinigung  bei  der  allgemein  weniger  Kallus  erzeugenden  „Better  Times" 
auf  R.  manettii  glatt  und  leicht  ohne  erheblich  starkere  Druckverhaltnisse.  Aus 
diesen  Verhaltnissen  heraus  erklart  sich  die  Tatsache,  dafi  trotzdem  bei  beiden 
Sorten  in  der  gleidien  Zeit  von  6  Tagen  nach  Beginn  der  Wundgewebebildung 
die  Vereinigung  der  Kalli  zustande  kam. 

Der  dritte  Absdinitt  des  Verwachsungsvorganges  umfafit  die  Zeitspanne  von  der 
Kallusvereinigung  bis  zur  Verbindung  der  Kambien  von  Reis  und  Unterlage.  Die 
Verbindung  ist  bei  den  Veredlungen  auf  R.  odorata,  R.  canina  und  R.  pollmcriaDa 
4  Tage  nach  der  Vereinigung  der  Wundgewebemassen  vollzogen.  R.  can.  Scnft 
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^reinigung  einwandfrei  nadigewiesen  werden,  mit  ^Better  Times"  dagegen 
h  dieser  Absdbnitt  des  Verwadbsungsvorganges  in  der  normalen  Zeit  von 
[  vonstatten.  Damit  ist  der  kritisdbe  Punkt  der  Veredlung  iiberwunden. 
Wiederherstellung  des  geschlossenen  Kambiumringes  auf  der  linken  Seite 
edlung  setzte  im  letzten  Stadium  die  Bildung  durdbgehender  Gefafi- 
mgen,  das  Zeidben  der  endgiiltigen  Verwachsung,  ein.  Sie  war  sehr  friih 
Odorata-Kombinationen  erreicht.  2Vf  Wodben  spater  folgten  die  Ver- 
1  auf  R.   canina  und  nach  einer  weiteren  Wodie  die  iibrigen  Kombi- 


<B  =  Better  Times R.  can.  Senff 
D  =  Dui! 


R.  od. R.  man 

L  can.  "^D  =  Duisberg  R.  pol. 

K  =  Beginn  der  Kallusbildung,  K  =  Kallivereinigung 

Ca  =  Kambienvereinigung,  G  =  Bildung  der  Gefafiverbindungen 


Abbildung  23 

r  Verlauf  der  Verwachsungen  vom  Veredlungstag  bis  zur  Bildung  der 

GefaBverbindungen 

)hlsche  Darstellung  (Abb.  23)  gibt  den  ungefahren  Verlauf  des  Verwadi- 
zesses  vom  Verediungstage  an  bis  zur  Bildung  der  Gefafiverbindung 
Daraus  geht  mit  ansdiaulidier  Deutlichkeit  hervor,  dafi  der  anatomische 
der  Verwadisungszone  bei  alien  Kombinationen,  aufkr  „Geheimrat  Duis- 
f  R.  manettii,  die  zur  Zeit  der  Herausdifferenzierung  des  Kambiums  eine 
le  Abweidiung  aufweist,  und  mit  Ausnahme  der  Veredlungen  auf  R.  odo- 
ren  GefaGdifferenzierung  sehr  friih  erfolgte,  einen  zeitlidi  fast  gleichcn 
genommen  hat.  Da  Zusammenhange  zwischen  Witterungsverlauf,  ins- 
re  dem  Sonnenlidit,  dem  einzigen  bisher  nidit  oder  nur  wenig  beeinflufi- 
mweltsfaktor,  und  der  anatomischen  Entwicklung  der  Veredlungen  nicht 
eisen  waren,  mufi  angenommen  werden,  dafi  die  anatomischen  Vorgange 
Verwachsung  inneren  Gesetzmafiigkeiten  folgten.  In  der  ersten  Zeit  nach 
edeln  herrschte  triibes  Wetter.  An  den  wenigen  Sonnentagen  wurde  dich- 
tten  gegeben.  Erst  ab  April  gab  es  langere  Perioden  mit  sonnigem  oder 
Wetter.  Ware  der  Aufbau  der  Gewebe  in  der  Verwachsungszone  in 
Mafie  durch  die  Witterung  beeinflufibar,  dann  batten  sich  diese  Perioden 
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Soften  auf  der  jeweiligen  Unteriage  (ausgenommen  R.  manettii)  fast  auf  den  Tag 
genau  zusammen,  und  audb  die  Daten  fiir  die  Kombinationen  der  Unterlagen 
liegen,  abgesehen  von  der  letzten  Entwicklung  auf  R.  odorata,  verhaltnismafiig 
dicht  beieinander.  Audi  die  Veredlungen,  deren  Austrieb  nach  einiger  Zeit  ,^ 
setzte",  d.  h.  keine  Bliitenknospe  hervorbradbte,  zeigten  gegenuber  den  normal 
weiterwachsenden  POanzen  keine  gnindlegenden  Unterschiede  im  Gewebeaufbau 
der  Verwachsungszone,  wenn  audi  dieser  voriibergehende  Wadistumsstillstand 
sidi  ^hnlidi  wie  das  Verpflanzen,  Diingen  oder  das  dem  Absetzen  gleidizustd- 
lende  Stutzen  sidi  im  Lumen  und  in  der  Zahl  der  GefaBe  und  Tradieiden  aufierte, 
entsprediend  den  jeweiligen  Wadistumsansprudien  der  oberirdisdien  Teile. 
Betraditen  wir  in  diesem  Zusammenhang  Tabelle  1. 

Better  Times 


Tage: 

10        12 

M 

i6 

l8       20 

22 

24 

26      28 

30 

34 

38 

42 

46      5-' 

m. 

I 

1,5 

2 

3,5     4 

7 

6 

12 

8,5 

7      6 

o. 

I         2,5 

2 

4,5     7 

9 

8 

14,5 

14 

8,5  10 

c. 

I 

2 

2,5      4 

3,5 

5 

4        5 

8 

7 

8 

9,5 

10     II 

S. 

I 

2        3 

4 

3 

5        6 

7 

8 

9 

8 

10       9 

p. 

I 

2 

3        3,5 

5 

5,5 

6,5    6 

9,5 

12 

II 

10 

8      12 

Geheimrat 

D  u  i  sb  e  r g 

m. 

I 

2          I 

3 

4 

4,5     5 

7,5 

5 

(9) 

4,5 

8,5  15 

o. 

I 

1,5 

2 

(i,5)  3 

4 

4 

8,5  II 

6,5 

8 

II 

9 

13      12 

c. 

I           2 

2 

2 

2        3 

3,5 

3,5 

5,5     8 

7 

9,5 

8 

10 

8       9 

S. 

I 

2,5 

3 

2,5     4 

4 

4,5 

8       6 

6,5 

7,5 

11,5 

12 

10      12 

p. 

I 

2 

2 

2,5     3 

4 

6,5 

5,5     7 

10,5 

13 

12,5 

12 

7,5  14 

Anm.:  in  (  )  nur  eine  Messung. 

Tab.  1 
Durdisdinitttidie    Austriebslangen    (in    cm)    der   jeweils    entnommenen   Probcn. 

Die  Zusammenstellung  umfafit  nur  das  Langenwadistum  des  Austriebs  vom  Be- 
ginn  bis  zum  ersten  Stutzen,  d.  h.  die  Zeitspanne  vom  10.-52.  Tage  nadi  der  Vcr- 
edlung.  Da  nidit  alle  Pflanzen  infolge  untersdiiedlidier  Entwiddung  gleidizeidg 
gestutzt  werden  konnten,  war  die  Erfassung  des  Langenzuwadises  in  dieser 
Weise  nadi  diesem  Termin  nidit  mehr  moglidi.  Der  Umfang  der  Aufstellung 
geniigt  aber  fiir  unseren  Zwedc.  Die  trotz  fortsdireitender  Entwiddung  mandimal 
kiirzer  werdenden  durdisdinittlidien  Langen  entstanden  im  allgemeinen  dadurdi, 
daft  die  Proben  stets  der  Reihe  nadi  ohne  Riidcsicht  auf  ihre  Entwiddung  cnt- 
nommen  wurden,  so  dafi  mitunter  eine  grofiere  Zahl  schwadierer  Pflanzen  an 
dem  falligen  Stiditage  zur  Untersudiung  bereitgestellt  und  gemessen  wurden.  Bci 
den  Veredlungen  auf  R.  odorata  und  R.  manettii  ist  allerdings  zu  beaditen,  dafi 
infolgedessen  audi  durdi  die  Pilzinfektion  in  ihrer  Wudiskraft  gehemmte  Pflan- 
zen zur  Konservierung  gelangten,  die  natiirlidi  den  Durdisdinitt  der  Messungcn 
stark  herabdriidcten.  Daraus  erklaren  sicli  bei  diesen  beiden  Unterlagen  die  crhcb- 
lidien  Sdiwankungen  in  den  Durdisdmittszahlen. 
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stets  fruher  erfolgte  Austrieb  von  ^Better  Times  .  Aufiere  Bedingungen  konnen 
nicht  als  Ursache  fiir  dieses  Verhalten  gezogen  werden.  Der  Verwadbsungsprozefi 
nahm  denselben  zeitlichen  Verlauf  wie  bei  „Geheinirat  Duisberg". 
Nach  52  Tagen  wurden  bei  den  Veredlungen  auf  R.  odorata  die  ersten  Bliiten- 
knospen  sichtbar.  Zu  diesem  Zeitpunkt  mufite  das  Stutzen  vorgenommen  werden. 
Die  Pflanzen  aller  Kombinationen,  die  Bliitenknospen  ausgebildet  hatten,  wiesen 
audi  Gefafiverbindungen  auf.  Vor  deren  Ausbildung  in  der  Verwadbsungszone 
ist  niemals  eine  Bliitenbildung  zustande  gekommen.  Sie  allein  geniigte  aber  wie- 
derum  nicht  fiir  die  Bliitenbildung,  worauf  weiter  unten  noch  eingegangen  werden 
mufi.  Jedenfalls  liefien  sidb  Gefafiverbindungen  audb  bei  den  Veredlungen  nadb- 
weisen,  deren  Austrieb  zu  dieser  Zeit  noch  nicht  so  weit  vorgeschritten  war  oder 
sogar  abgesetzt  hatte.  Sie  sind  also  in  erster  Linie  fiir  das  vegetative  Wachstum 
von  Bedeutung.  Reicht  andererseits  das  vegetative  Wachstum  der  Edelrose  nicht 
aus,  kommt  es  trotz  anderer  giinstiger  Faktoren  niemals  zur  Bliitenbildung. 

Am  spatesten  begann  der  Austrieb  der  Veredlungen  auf  R.  manettii,  auch  auf 
R.  odarata  setzte  der  Trieb  spat  ein.  Am  friihesten  regte  er  sich  auf  R.  canina. 
R.  can.  Senff  folgte  dicht  hinter  R.  canina,  desgleichen  R.  pollmeriana  mit  ^Better 
Times",  wahrend  sie  mit  „Geheimrat  Duisberg"  zur  gleichen  Zeit  mit  R.  canina 
auszutreiben  begann.  Die  Unterschiede  in  den  Austriebszeiten  sind  ohne  Zweifcl 
auf  den  Einflufi  der  Unterlagen  zuriickzufiihren.  Er  ist  aber  nirgends  grofi  genug, 
um  den  Unterschied  im  Beginn  des  Durchtriebs  zwischen  beiden  Sorten  zu  ver- 
decken.  Denn  auf  Grund  des  auf  alien  Unterlagen  einheitlich  friiher  eingetretenen 
Austreibens  von  „Better  Times"  mufi  man  diese  Erscheinung  als  Sorteneigentiim- 
lichkeit  bezeichnen.  Die  8  Tage  langer  vorgetriebenen  Unterlagen  konnen  nach 
unserem  Dafiirhalten  nicht  die  Ursache  sein,  weil  die  Verwachsungsvorgange  bei 
beiden  Sorten  gleichartig  und  fast  gleichzeitig  verlaufen  und  auch  altere  Pflanzen 
die  gleichen  Unterschiede  zeigen. 

Die  Wuchsleistung  der  einzelnen  Kombinationen  ist  deutlichen  Schwankungen 
unterworfen.  Annahernd  gleich  stark  ist  das  Wachstum  beider  Sorten  auf  R.  canina, 
R.  pollmeriana  und  R.  manettii,  obwohl  dies  auf  der  letzten  wie  auch  auf  R.  odo- 
rata durch  die  Pilzkrankheit  bei  der  zahlenmafiigen  Erfassung  nicht  so  eindeutig 
zum  Ausdruck  kommt.  Die  Kombinationen  mit  R.  odorata  weisen  tatsachlich  den 
grofiten  Langenzuwachs  auf.  Die  drei  Unterlagen  R.  canina,  R.  pollmeriana  und 
auch  R.  odorata  zeigten  auch  wahrend  der  Vegetationsbeobachtung  das  Bild 
gleichmaftigen,  flotten  Wachstums  bei  beiden  Edelsorten,  wahrend  R.  manettii, 
insbesondere  mit  „Geheimrat  Duisberg",  stets  den  Eindruck  eines  ungleichmafiigen 
Bestandes  erweckte.  Die  Veredlungen  beider  Sorten  auf  R.  can.  Senff  wiesen  wohl 
einen  gleichmafiigen  Austrieb  auf,  ergaben  aber  bei  „Geheimrat  Duisberg"  einen 
etwas  zogernd  vorwarts  kommenden  Zuwachs. 

Die  geringen  Vcrwachsungsschwierigkeiten  zwischen  „Geheimrat  Duisberg"  und 
R.  manettii  zeigten  nach  dem  Gelingen  der  Veredlung  keine  Unterschiede.  Die 
Pflanzen  der  Versuchspflanzung  des  Instituts  fiir  Gartnerischen  Pflanzenbau  brach- 
ten  beispielsweise  gute  Ertrage.  Aber  bald  setzte  ein  allmahliches  Abbauen  der 
Jahresleistungen  ein.  Das  Erbgut  der  Pernetianarosen  aufiert  sich  in  diesem  Falle 
mehr  in  dieser  Art  als  in  einem  plotzlichen  Versagen  oder  Absterben  und  Aus- 
brechen.  Dagegen  macht  sich  die  Gefafiarmut  der  R.  can.  SenflF  in  anhaltend 
geringen  Ertragsergebnissen  bemerkbar. 

Eine  Reihe  von  Beobachtungen  ergaben  sich  nur  aus  dem  subjektiven  Eindruck 
beim  Vergleichen  der  untersuchten  anatomischen  Bilder  und  lassen  sich  durch 
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geben.  So  hatte  man  beim 
Studium  der  Venvachsungszone 
der  Kombinationen  auf  R.  can. 
Senff  das  Gefuhl,  dafi  die  Ver- 
wachsung  mit  ,3etter  Times" 
leichter,  hemmungsloser  von- 
statten  ging  als  mit  „Geheimrat 
Duisberg".  Das  Anwachsergeb- 
nis  der  Veredlungen  ist  aber 
bei  beiden  Kombinationen  aus- 
gezeichnet  und  lafit  keine  Unter- 
schiede  erkennen.  „Better Times" 
scheint  sich  tatsachiich  mit  R. 
can.  Senff  besser  zu  vertragen 
als  „Geheimrat  Duisberg". 

Auf  dieser  Unterlage  brach- 
ten  auch  bei  den  Ertragspru- 
fungen  des  Instituts  fiir  Gartnc- 
rischen  Pflanzenbau  (vgl.  Tab.  2) 
die  verschiedenen  Sorten  im 
Vergleich  zu  den  Ertragen  auf 
den  anderen  Unterlagen  unter- 
scfaiedliche  Ergebnisse.  In  Ta- 
belie  2  sind  die  im  fiinfjahrigen 
Mittel  (Hauptertragsjahre  1935 
bis  1939)  gewonnenen  Ertrags- 
zahlen  zusammengestellt.  Ob- 
wohl  die  Bliltenertrage  der  auf 
R.  can.  Senff  veredelten  Sorten 
mit  einer  Ausnahme  (Nr.  10) 
immer  hinter  R.  odorata,  R. 
manettii  und  R.  canina  folgten, 
sind  die  Ergebnisse  nicht  mit 
alien  Sorten  so  niedrig  wie  mit 
„Geheimrat  Duisberg".  Sic  lie- 
gen  bei  Nr.  1  und  3  sehr  dicht 
hinter  den  drei  eben  genannten 
Unterlagen.  Immerhin  steht  die 
Unterlegenheit  von  R.  can.  Senff, 
gemessen  an  den  iibrigeh 
gepriiften  Unterlagen,  auBer 
Zweifel. 
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Bczuglich  der  in  Tabelle  2  gegebenen  Werte  sei  hier  eine  kurze  Einschaltung 
gestattet.  Die  Tabelle  laBt  sehr  deutlich  die  groBen  Werte  fur  die  mitdcrcn 
Fehler,  mit  denen  die  Mittel  behaftet  sind  und  die  sich  aus  der  stark  unterschied- 
lichen  Leistung  der  einzelnen  Pflanzen  innerhalb  der  jeweiligen  KombinadoD 
ergeben,  erkennen. 
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zwischen  5  und  6  %.  Je  einmal  hat  m  einen  Wert  zwischen  6  und  1  %,  1  und 
8  %  und  8  und  9  %.  Dreimal  liegt  er  zwisdben  9  und  10  %  und  iibersteigt  ein- 
mal sogar  10  %.  Bei  Zierpflanzen,  insbesondere  den  holzartigen,  veredelten 
Pflanzen,  bei  denen  oftmais  jede  einzelne  Ptlanze  als  Parzelie  gcwertet  wird,  sind' 
solche  Streubreiten  in  den  Ertragen  haufig  zu  finden.  Es  kann  daher  die  in  der 
laudwirtschaftlichen  und  gcmiisebaulidben  Forsdbung  ubliche  Gepflogcnheit,  Ver- 
suche,  deren  Werte  fiir  ni%  3  %  iibersteigen,  abzulchnen,  nicht  ubernommen 
werden.  Die  Hohe  des  mittlercn  Fehlers  der  Mittelwerte  unserer  Tabclle  bedingt, 
dafi  in  der  Mehrzahi  der  Falle  die  gefundenen  Ertragsunterschiede  vor  aliem 
zwischen  R.  odorata,  R.  manettii  und  R.  canina  fehlertheoretisch  nidbt  gesichert 
sind.  Man  sollte  andererseits  u.  E.  solche  Versuche  mit  einef  so  geringen  Anzahl 
der  Pflanzen  nicht  ansetzen,  weil  sonst  die  Ergebnisse  stets  unsicher  bleiben 
miissen.  Bemerkenswert  ist,  daB  der  grofite  und  der  kleinste  Wert  fiir  m%  sidv 
bei  R.  canina  findet  und  dafi  bei  R.  can.  Senff  in  ahnlicher  Weise  neben  sehr 
hohen  Werten  auch  recht  niedrige  vorkommen.  Die  m% -Werte  auf  R.  odorata* 
sind  stets  verhaltnismal^ig  klein,  abgesehen  von  „Mrs.  Henry  Winnet",  bei  der 
von  insgesamt  16  ursprunglich  aufgepflanzten  nur  4  Pflanzen  erhalten  geblieben 
sind.  Das  Ergebnis  ist  deshalb  in  diesem  Falle  als  aufierst  unsicher  zu  bezeichnen. 
Die  niedrige  Ertragsleistung  hangt  sicherlidi  damit  zusammen,  dafi  diese  Sorte* 
gegenuber  R.  odorata  eine  hohe,  in  der  Rosenkultur  nicht  unbekannte  Unvertrag- 
lichkeit  aufweist.  Allein  aus  diesem  Grunde  diirfte  hier  ein  erheblich  besserer* 
Mittelwert  nidit  zu  erwarten  gewesen  sein.  Ganz  allgemein  ist  zu  den  in  Tabelle  Z 
wiedergegebenen  Werten  zu  sagen,  dafi  trotz  der  fehlertheoretisch  nicht  gesicher- 
ten  Ergebnisse  doch  diejenige  Unterlage  eindeutig  als  die  beste  zu  bezeichnen 
ware,  die  im  Mittel  mehrerer  Jahre  den  hochsten  Ertrag  abwirft.  Es  mufi  in 
unserem  speziellen  Falle  der  R.  odorata  allerdings  die  Einschrankung  gemacht 
werden,  dafi  die  hochste  Jahresleistung  allein  nicht  die  Wirtschaftlichkeit  der 
Rosenkultur  unter  Glas  bestimmen  wird.  Es  ist  jedoch  im  Rahmen  dieser  Arbeit 
nicht  angangig,  sich  mehr  als  andeutungsweise  iiber  die  fruheren  Versuche  des 
ehemaligen  Instituts  fiir  Gartnerischen  Pflanzenbau  zur  Hausrosenkultur  zu  ver- 
breiten.  Das  Material  ist  uns  leider  in  seiner  Gesamtheit  nicht  mehr  zuganglich 
bzw.  nicht  mehr  vorhanden. 

Die  Tabelle  zeigt  weiterhin  klar  die  Wirksamkeit  des  Erbgutes  der  Pcrnetiana- 
rosen  bei  der  Veredlung  auf  R.  manettii  aufier  bei  „Geheimrat  Duisberg'*  bei 
„Heinricli  Wendland",  die  entgegen  aller  Erwartung  auf  die  gleiche  Leistung 
wie  auf  R.  can.  SenflF  absteigt,  und  ..President  Herbert  Hoover".  „Souvenier  de- 
Claudius  Pernet"  wurde  wegen  ihrer  hohen  Unvertraglichkeit  mit  dieser  Unter- 
lage iiberhaupt  nicht  auf  sie  veredelt.  Die  Sorte  ..Talisman"  besitzt  zwar  auch 
Pernetiana-Erbgut,  bringt  aber  auf  R.  manettii  ausgezeichnete  Ertrage.  Bei  ihr 
wirkt  sich  die  Abstammung  von  ..Ophelia"  starker  aus. 

Kehren  wir  nun  zu  unseren  eigentlichen  Versuchen  zuriick.  Die  Wuchsleistungen 
von  „Geheimrat  Duisberg"  und  ..Better  Times"  auf  R.  can.  Senff  entsprechen 
durchaus  der  Verwachsungsintensitat.  Diese  Feststellungen  treffen  auch  fur  die 
Unterlagen  untereinander  zu,  obwohl  das  klare  Bild  bei  R.  odorata  und  R.  manettii 
durch  den  Krankheitsbefall  stark  verwischt  wird.  Bei  R.  pollmeriana,  auf  der  die 
Veredlungen  sehr  gleichmafiig  und  stetig  wuchsen,  war  der  Triebzuwachs  bei 
beiden  Sorten  dem  bei  den  anderen  Canina-Kombinationen  auftretenden  iiber^ 
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Abbjidung  24 


Abbildung  25 


Die  wichtigsten  Mcrkmale,  die  die  Untcrschiede  in  der  Vereinigung  beidet  Pfropf- 
partncr  am  treffendsten  kennzcidinen,  liegen  in  dcr  Veiwadisungszone  selbsL 
Es  sind  dies  Anzahl  und  Struktur  der  GefafSverbindungen  sowie  die  Maserung 
der  Vfrwachsuiigszone.  Ober  die  Gcfaliverhaltnisse  geben  die  Mikroaufnahmen 
hinreichend  Auskunft.  Da  beide  Sorten  sich  in  diesem  Punkce  vollig  gleidisinnig 
verlialtcn,  wurde  davon  abgesehen,  von  jeder  Kombination  Mikroaufnahmen  zu 
bringen,  sondccn  nur  die  typischen  Bilder  wiedergcgcben,  die  in  Verbin- 
dung  mil  dcr  lewciligcn  Uncerlagc  angctroffen  wurden.  Man  muK  hierbei  in 
Betracht  Ziehen,  da/1  innerhalb  eincr  Kombination  durchaus  individuelle  Unter- 
sdiiede  zwischen  den  Pdanzen  2.  B.  allcin  durdi  einc  versdileden  gijnstige  Wasser- 
versorgung  auftreten  konnen,  die  die  Struktur  der  Gewebe  weitgchcnd  bestimmL 
Es  ist  trotz  sorgfaltigster  PElege  nie  restlos  erfiillbar,  jcde  einzeinc  Pflanzc  st-U 
mit  der  von  ihr  im  jeweiligen  Augenblick  benotigten  Menge  Wasscr,  abgesehcn 
von  alien  tibrigen  Faktoren,  zu  versorgen,  es  sei  denn,  man  bedient  sich  der  hcuK 
eingebiirgcrten  Hydrokuitur.  In  jeder  nodi  so  gut  beaufsichtigten  Kultuc  gibt  es 
einzelne  Individuen,  die,  bedlngt  durch  ihren  Standort,  einen  kteinecen  odct 
groCercn  Wasserverbraudi  aufweisen,  was  im  auCeren  Wadistumsbild,  nadi  dsm 
der  Gartner  seine  Mafinahmen  riditet,  oft  nicht  deutlidi  zu  erkennen  ist.  An 
Hand  des  umfangreichen  Vcrsuchsmaterials  war  es  aber  stcts  ohne  weiterrt 
moghch,  soldie  und  ahnlidie  Schwierigkeiten  zu  erkennen  und  dtmentspredienii 
bei  der  Auswertung  des  Materials  zu  berudtstdicigen.  Aus  den  genannten  Griindca 
crgaben  die  absoluten  Zahlen  der  Messungen  des  Gefaftlumcns  keine  greifbaren 
Werce  und  wurden  fortgelassen.  Bildmatetial  aus  den  Langssdinitten  zu  erhalten. 
-die  grblicrc  Strccken  dcr  GcfalJe  in  der  Verwadisungs region  wiedergegeben  hatten, 
war  wcgcn  der  audi  bei  R.  odorata  und  R.  manettii  auftretenden  Verkriimmungen 
fast  unmoglidi.  Die  Abb.  24-27  stammen  von  drei  verschiedenen  VercdlungCT 
gleidien  Alters  auf  R.  manettii.  Das  Holz  dcr  Vcredlungen  der  Canina-Gruppc 
ist  schon  auf  kurze  Stredien  so  stark  gewcllt,  da&  man  Langs-  und  Quersdmittc 
nebst  ihren  Obergangen  in  rasdiem  Wechsel  in  eincm  Schnitt  erhiclt  Sie  gaben 
keine  Vcrgleidismoglidikeitcn.   Nur  langere   Bildserien   wurden   einen  Einblid 
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AbbiMung  26  a  und  b 


Abbildung  27 


cnnoglidien.  Abb.  27  veransdiauHcht  annahernd  die  hauAg  anzucreffenden  Ver- 
haltnisse  bei  R.  can.  ScnfT.  Im  ijbrigen  sind  die  Stiukturen  dec  durchgehendcn 
editen  GcfalWcrbindungen  bci  alien  Kombinationen  gleich. 
Am  zahlrcichstcn  sind  GefaBverbindungen  in  der  Verwachsungszonc  bei  den 
Kombinationen  mit  R.  odorata  anzutceffen  (5,  Abb.  28).  Die  Veredlungen  auf 
R.  mancttii  (s.  Abb.  29)  haben  fast  cbenso  viclc  GefaBverbindungen  aufzuweisen, 
und  untetscheiden  sidi  jn  dieser  Hinsidit  wenig  von  den  vorigen  Kombinationen. 
Die  als  Bcispiele  herangezogencn  Liditbilder  (Abb.  28  d  und  29  d)  zeigen  gleidi- 
zeitig  Starke  Gewebezerstorungen  auf  der  Seite  des  Rcises  dutch  Coniochycium 
fuckelii.  Bci  beidcn  Unterlagen  -  audi  bei  Geheimtat  Duisbetg/mancttii  -  vct- 
laufen  die  GcfaDvetbindungen  sowohl  als  audi  die  iibrigen  Gewebeelemente  seht 
glatt,  mindestens  aber  ohne  besonders  starke  Verknimmungcn.  Nur  in  der  unteren 
Region  war  das  Gcwebc  starker  gemasett,  bcsaB  jedodi  ebenfalls  zahlteidie, 
durdigehende  Gefafibahnen  Die  Abb,  24  a  und  b  zeigen  kurze  Stredcen  dec 
GcfaBbahnen  im  unteren,  Abb.  25  im  mittleren  und  die  Abb.  26  a  und  b  im 
obetcn  Teil  der  Veredlungen.  Beide  Unterlagen  besitzen  ein  gcfalSreidies  Holz. 
Das  Lumen  dec  GefaBe  ist  audi  im  Zweitholz  gtoG.  Ein  gioGer  Anteil  dec  GefaBe 
von  R,  odotata  ist  durdisdinittlidi  etwas  weitluniiger  als  die  dec  Edelsorten, 
wogegen  das  Lumen  der  GefaBe  von  R.  manettii  mit  dem  der  Edelsorten  weit- 
gehend  iibereinstimmt.  Die  meisten  Vecbindungen  erwiescn  sidi  als  edite  GefaBe, 
und  nur  selten  konnten  nodi  Quecwande  festgestellt  wecden. 
Die  Verhaltnisse  bei  R.  cantna  und  ihren  Abkdmmlingen  untersdiciden  sich  in 
alien  diesen  Merkmalen  deutlidi  von  den  eben  behandelten  Unterlagen.  R.  canina 
und  R.  pollmeriana  haben  in  viclen  Punkten  miieinandet  Ahnlichkeit,  was  ihren 
anatomischen  Aufbau  in  der  Verwadisungszone  betrifft.  Beide  besitzen  in  ihcem 
normalcn  Holz  bedeutend  weniget  GefaBe  (s.  Abb,  28  und  32)  als  R.  odorata  und 
R.  manettii.  Dementspcechend  sind  audi  die  GefaBverbindungen  in  dec  Ver- 
einigungszelle  geringer.  Das  Holz  von  R.  pollmeriana  ist  zwac  etwas  gefaBceicher, 
rcidit  abec  in  diesec  Hinsidit  nicht  an  die  ersten  beiden  Unterlagen  hctan.  Das 
Lumen  ist  im  allgemeinen  etwas  enger  als  bei  den  Edelsorten,  doch  ist  dec  Unter- 
sdiied  nur  gcringfiigig.  Bei  alien  Kombinationen  mit  diesen  bciden  Unterlagen 
zeigten  sidi  starkerc  Maserungen  des  Verwadisungsgewebes.  Aus  diesem  Grunde 
war  es  nidit  moglidi,  ira  Langssdinitt  befriedigende  Liditbilder  von  der  Sttuktut 


Abbildung  28  a  —  d  von  links  nach  rechts 

(V  =  Vcrwachsungszone,   pH  =  ErsthoU,   P  =  Pilzbefall,   Ca  =  Kambium, 

U  =  Unterlage,  R  -  Reis) 


der  GefaGzuge  aus  der  Vcrwachsungszone  zu  erhaiten.  Die  eJnzelnen  Glicder  der 
GcEaKe  waren  ebenso  glatt  wie  bei  R.  odorata  oder  R.  manettii  verwadisco,  die 
Querwande  der  Gefaliverbindungen  graStenteils  aufgelost,  Nur  wenige  waten 
noch  erhaiten  gebliebcn.  Diese  Beobachtung  wurdc  bei  alien  untersuditen  Pflanzeo 
trotz  der  Uneinheiclichkeit  des  Unterlagen  mate  rials  gcmacht. 
R.  can.  Senff  (Abb.  31)  besitzt  von  den  drei  Canina-Rassen  die  wcnigsten  GcfaCc. 
scheint  aber  im  iibrigen  anaiomisch  und  audi  physiologisch  ein  tehr  einheidichc> 
Unterlagen  mate  rial  zu  iiefern.  Die  Maserung  des  Gewebes  in  der  Vcrwachsunp- 
rcgion  ist  bei  ihr  von  alien  Unterlagen  am  starksten.  DemzufolsL-  sind  audi  die 
Leitungsbahnen  stark  verkcQmmt.  Die  einzelncn  GefaBglieder  ;i^OL;^en  nidit  jci" 
schonen  glatten  Verwachsungsbilder  der  iibrigen  Unterlagen,  soEidcrn  tegen  sid\ 
sehr  oft  mit  ihren  Enden  so  aneinandcr,  daB  sie  den  Eindruck  dii  Vorbcigleiiem 
erweckcn.  (Die  Abb.  27  gibt  diesen  Eindruck  nidit  vollkono mt-n  wicder.)  Sie 
tragen  mehr  einen  trachcidalcn  Charaktcr.  Die  Querwande  sind  oftmals  crbalicn 
geblicben,  so  daB  es  angebradit  ersdieinc,  in  der  Verwachsungs  region  von  einec 
tracheidalcn  Vcrbindung  der  cinzclnen  GefaBe  zu  sprechen.  Trotz  allem  sind 
abcr  auch  bei  R.  can.  Senff  die  mcisten  der  vorhandenen  durdigclicnJcn  Ixituns*- 
bahncn  echte  GefaBe.  Das  Lumen  der  GefaBe  von  R.can.  SmlJ  In  iumcist 
sehr  cng. 

Sowcit  die  Tatsadien  aus  den  Vergleidien  der  anatomisdien  Bilder  der  Vec 
edlungss telle.  Sie  ergaben  Beziehungen  zwischen  Ertragsleistung  und  anatomisdien< 
Aufbau  der  Veredlungsstellc.  Die  bciden  wichtigsten  Punkte  sind  die  Anzahl  und 
die  Art  und  Weise  der  Gefafiverbindungen  und  die  Maserung  der  Verwachsungs- 
rcgion.  Eine  groBe  Zahl  von  durdtgehenden  GefaBen  und  ihre  glacte  Verbindung 
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Abbilduiig  ^;i  — d  von  links  naeh  reehts 


Abbildung  30  a  —  d  von  links  nach  reehts 


Abbildung  31  a  —  d  von  links  nach  recht: 
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AlibilduiiB  32  a  — d  von  links  nach  rechts 


una  in  aen  voruegenaen  untersucnungen  mic  scnwacnerer  Masening  gepaart  una 
gehoren  zu  den  Kombinationen  mit  den  hoheren  Bliltenertragen.  Inwieweit  die 
Masening  allein  den  Ertrag  beeinflussen  konntc,  geht  aus  den  Ergebnissen  nicht 
hervor.  Eine  gewisse  Wirkung  ist  aber  durdbaus  denkbar,  indem  namlidi  je  nadb 
dem  Grade  und  der  Haufigkeit  der  Kriimmung  der  Leitungsbahnen  die  Schnel- 
ligkeic  des  Nahrstofftransportes  durch  die  eintretende  crhohte  Reibung  mehr  oder 
weniger  herabgcsetzt  wird.  Jede  Biegung  in  einem  Rohrsystem  erzeugt  einen 
Widerstand  und  bedeutet  eine  Verminderung  des  Druckes  und  der  DurdbfluB- 
geschwindigkeit.  Die  Maserung  des  Verwachsungsgewebes  ist  nadb  Obmanns 
Untersuchungsergebnissen  auf  die  rein  mechanische  Wirkung  des  Wachstums- 
druckes  durch  die  Kaliusmassen  und  das  damic  verbundene  Auseinanderweichen 
beider  Pfropf partner  zuriickzufiihren.  Diese  Erklarung  wird  im  allgemeinen 
audi  durch  die  vorliegenden  Untersuchungen  bestatigt.  Die  unterschiedliche  Starke 
der  Maserung  bei  den  einzelnen  Kombinationen  riihrt  von  der  verschiedenen 
Verwachsungsintensitat  von  Reis  und  Unterlage  her,  wobei  durch  eine  rasche 
Vereinigung  (vgl.  insbesondere  R.  odarata)  grofierer  Druck  auf  den  Bastverband 
und  damit  starkeres  Auseinanderweichen  vermieden  wurde,  wahrend  bei  R.  can. 
Senff  die  Vereinigung  anscheinend  erst  unter  groBeren  Druckverhaltnissen  zu- 
stande  kommen  konnte.  Auf  die  durch  schlechten  Sitz  des  Reises  entstandenen 
Maserungen  wurde  schon  an  anderer  Stelle  hingewiesen.  Einige  zur  Probe  vor- 
genommene  Untersuchungen  an  zweijahrigem  Material  zeigten  dieseiben  anato- 
mischen  Verhaltnisse,  obwohl  es  sich  hier  um  GeififuBpfropfungen  handeite. 
Diese  Veredlungsart  schafft  fiir  die  Maserung  des  Verwachsungsgewebes  ahnliche 
Bedingungen  wie  die  Kopuiation,  wie  auch  Obmann  nachwies.  Die  Beobachtungen 
beziiglich  der  GefaBverbindungen  wurden  jedoch  voUauf  bestatigt. 

Bedeutungsvolier  fiir  die  Leistung  der  Pflanzen  miissen  jedenfails  Zahl  und 
Struktur  der  GefaBverbindungen  in  der  Verwachsungszone  sein.  Die  groBe  Zahl 
der  GefaBe  bei  den  Verediungen  auf  R.  odorata  stimmt  zumindest  auffallend 
mit  den  hohen  Ertragen  ebenso  iiberein,  wie  die  geringe  Zahl  der  GefaBe  der 
Kombinationen  mit  R.  can.  Senff  mit  ihren  nicdrigen  Bliltenertragen.  Die  iibrigen 
Kombinationen  gruppieren  sich  entsprechend  zwischcn  beiden  Extremen. 

Das  nahe  an  Geheimrat  Duisberg/canina  liegende  Ertragscrgebnis  (Tabelle  2) 
von  Geheimrat  Duisberg/manettii  kommt  dadurch  zustande,  daB  die  Ertrage  in 
5  Jahren  stetig  von  anfangs  2025  Bliiten  auf  1575  abbautcn,  wahrend  die  jahr- 
lidien  Ertrage  auf  R.  canina  nur  unregelmaBigen  Schwankungen  unterworfen 
waren.  Hier  macht  sich  anscheinend  wieder  der  in  Verbindung  mit  R.  manettii 
ungunstige  Einflufi  der  Pernetiana-Eigensdiaften  bemerkbar,  denn  der  groBte 
Teil  der  ubrigen  Teehybriden  brachte  Ertrage,  die  hoher  als  die  auf  R.  canina 
waren. 

Die  Unterschiede  in  der  Anzahl  der  GefaBe  zwischen  den  einzelnen  Unterlagen 
einerseits  und  ihre  unterschiedliche  Struktur  in  der  Verwachsungszone  geben 
Veranlassung  zu  der  Auffassung,  daB  das  Problem  des  verschiedenen  Bliiten- 
ertrages  als  die  Folge  einer  unterschiedlichen  Versorgung  mit  Wasser  und  Nahr- 
stoffen  angesehen  werden  kann.  Wenn  auch  die  Funktionen  der  groBen  GefaBe 
weitgehend  von  den  Tracheiden  iibemommen  werden  konnen,  miissen  durch- 
gehende  Leitungsbahnen  aber  doch  einen  entscheidenden  EinfluB  auf  die  geregelte 
Nahrstoffzufuhr  und  damit  der  gesamten  Entwicklung  ausiiben.  Der  Filtrations- 
widerstand  muB  in  einem  weiten  GefaBsystem  mit  wenigen  oder  keinen  Quer- 
wanden  geringer  sein  als  in  den  engen  tracheidalen  Verbindungen,  bei  denen 
noch  dazu  die  Querwande  t-^  iiberwinden  sind.  Dariiber  diirfte  auch  eine  noch 


Je  zahlreicher  also  die  Verwachsungsregion  von  Gcfafibahnen  durchzogen  wird, 
idesto  besser  mu6  demnadi  die  Ernahrung  und  schlieBlich  wieder  das  vegetative 
'Wachstum  der  Edelsorte  sein.  Trotz  allem  wird  jedodi  die  Veredlungssteile  eiac 
Hemmung  fur  die  Pflanze  bleiben.  Ihre  Gewebeelemente  sind  immer  sehr  kurz- 
zellig  und  bleiben  es  audi  im  weitcren  Aufbau  der  Pflanze,  wobei  anscheincnd 
nodi  hinzukommt,  dafi  die  Querwande  der  Gefafie  in  der  unmittelbaren  Ver- 
wadisungszone  nicht  immer  aufgelost  werden.  Diese  Schwierigkeiten  mussen  dann 
nodi  eine  Steigerung  erfahren,  wenn  die  Unterlage  (wie  im  Falle  R.  can.  Senff) 
cngere  Gefafie  als  die  Edelsorte  ausbildet.  Beim  Obertritt  des  Nahrstoffstromes 
aus  dem  engeren  in  das  weitere  System  entsteht  dann  moglidierweise  eine  Ver- 
'minderung  des  Drudees  des  Saftstromes,  die  eine  Verlangsamung  des  Transportes 
-axr  Folge  hat.  1st  auBerdem  nodi  die  Unterlage  gefafiarm,  dann  konnen  sdiwadicre 
Ertrage  nidit  mehr  als  eine  auffallige  Ersdieinung  betraditet  werden. 

Den  entgegengesetzten  Fall  haben  wir  bei  den  Veredlungen  auf  R.  odorata.  Die 
Unterlage  besitzt  sehr  viel  Gefafie,  die  aufierdem  nodi  durdisdinittlidi  ein  etwas 
grofieres  Lumen  als  die  der  Edelsorten  aufweisen.  Demzufolge  sind  audi  die 
Gefafiverbindungen  in  der  Verwadisungszone  zahlreidi.  Die  durdi  den  rasdien 
Zustrom  in  grofien  Mengen  herangefiihrten  Nahrstoffe  sdieinen  eine  wahmehm- 
bare  Leistungssteigerung  zu  veranlassen. 

Ahnlidie  Verbal tnisse  finden  wir  bei  R.  manettii.  Der  Ertrag  nadi  dem  Ver- 
*edlungsjahr  -  dieses  Jahr  bringt  bei  der  Sommerkultur  unter  Glas  den  ersten 
vollen  Ertrag  und  von  da  an  begann  die  Leistungsprufung  des  Insdtuts  -  ent* 
tausdite  mit  „Geheimrat  Duisberg"  als  Edelsorte  audi  nidit.  Er  lag  sogar  hoher 
als  bei  R.  odorata,  namlidi  20,3  Bliiten  gegenuber  18,3  bei  R.  odorata.  (Zum 
'Vergieidi  seicn  weiterhin  die  Zahlen  von  R.  canina  mit  15,4  und  R.  can.  Seoff 
^mit  13,8  Bluten  je  Pflanze  genannt.  Das  fiinfjahrige  Mittel  wurde  sdion  in 
Tabelle  2  bekanntgegeben.)  Eine  Erklarung  fiir  die  als  Folge  einer  gewissen 
XJnvertraglichkeit  angenommenen  Abbauerscheinung  von  „Geheimrat  Duisberg" 
auf  R.  manettii  kann  nadi  dem  Befund  des  Veredlungsjahres  auf  Grund  histo- 
logisdier  Verhaltnisse  nlcht  gegeben  werden.  Es  ware  denkbar,  dafi  sicfa  im 
Gewebeaufbau  der  folgenden  Jahre  irgendwelche  Abweichungen  von  der  ur- 
spruiiglidien  Struktur  der  Verwadisungszone  nadiweisen  lassen,  dodi  mufi  dieser 
Beweis  spateren  Untersudiungen  iiberiassen  werden. 

IDie  hohere  Leistung  der  Edelrosen  auf  mandien  Unterlagen  mufi  demnadi  eio 
Problem  besserer  Ernahrung  infolge  des  durdi  viele,  grofie  Gefafie  der  Unterlage 
'und  guter,  ebcnfalls  zahlreicher  Gefafiverbindungen  in  der  Verwachsungsregion 
gunstiger  gestalteten  Transportes  sein.  Hinzu  kommt  nodi  der  glattere,  weniger 
stark  gekriimmte  Faserverlauf  des  Verwadisungsgewebes.  Wieweit  das  Zusam- 
mentreffen  beider  giinsdger  bzw.  ungiinstiger  Faktoren  dem  Zufall  zuzusdireiben 
1st,  kann  aus  diesen  Untersudiungen  nicht  geklart  werden.  Diese  auf  Grund  des 
anatomischen  Befundes  gewonnene  Auffassung  scheint  somit  im  Gegensatz  zu 
•der  Theorie  von  Klebs  (27),  der  ein  Oberwiegen  der  Kohlehydratc  uber  die 
Mineralstoffe  als  entscheidend  fiir  den  Eintritt  in  die  reproduktive  Entwiddung 
ansah,  zu  stehen.  Dafi  eine  gewisse  Stockung  der  abfliefiend^n  Kohlehydratc 
eintritt,  mufi  auf  Grund  der  Untersudiungen  bestatigt  werden.  Die  Elemente 
des  Siebteils  haben  in  ihrer  anatomischen  Struktur  ahnlidie  Abweichungen 
(kurzere  Einzelzellen)  vom  normalen  Aufbau  wie  im  Holzteil  gezeigt  AuBcr- 
lidie  Unterschiede  zwischen  den  Kombinationen  beziiglidi  des  Dickenwachstums 
•der  Veredlungssteile  oder  gar  Wulstbildungen,  tvie  man  sie  bei  Veredlungen 
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z.  B.  der  Apfelsorte  „Boskoop"  auf  E  M  DC  (Metzer  Gelber  Paradies)  findet, 
wurden  niemals  wahrgenommen.  Die  anatomlschen  Verhaltnisse  bieten  audi,  wie 
gesagt,  keine  Veranlassung  dazu.  Die  hohere  Bliitenerzeugung  ware  infolge  der 
geringen  Anzahl  und  des  kleineren  Lumens  der  Gefafie  bei  gleidbzeitig  starkerer 
Maserung  der  Verwachsungsregion  bei  Zugrundelegung  des  quantitadven  Stoff- 
wechseiverhaltnisses  eigentlich  eher  von  den  Canina-Senff-Kombinationen  zu 
erwarten  gewesen.  Es  mu6  jedoch  bierbei  audii  beriicksichtigt  werden,  dafi  der 
Obstbau  mit  seinen  schwachen  Wuchs  veranlassenden  Unterlagentypen  vor  allem 
eine  Verkurzung  der  ertragslosen  Zeit  bezweckt,  allerdings  gerade  auf  Kosten  der 
Ertragsleistung  des  Einzeiindividuums.  Bei  der  Edelrose  liegen  die  Verhaltnisse 
insofern  etwas  anders  als  beispielsweise  bei  unseren  Obstgehdlzen,  als  die  Biiite 
nicht  im  Vorjahr  angelegt,  sondem  im  Vegetadonsjahr  selbst  gebildet  wird  und 
zum  Aufbliihen  gelangt,  vorausgesetzt,  dafi  entsprediende  Umweltsbedingungen 
herrschen.  Wer  den  auf  Grund  der  erbiichen  Konsdtudon  maximalen  Ertrag  bei 
Hausrosen  erzielen  will,  mu6  bemuht  sein,  zunachst  die  vegetadve  Leistung  seiner 
Rosen  zu  verbessem,  urn  moglidbst  vieie  krafdge  Triebe  je  Pfianze  zu  erzeugen. 
Bei  der  Rose  bringt  jeder  gut  entwickelte,  normal  ernahrte  Trieb  gewohnlich 
endstandig  niinde&tens  eine  Biiite,  wenn  er,  wie  wir  anschlieSend  sehen  werden, 
wahrend  der  ersten  2-3  Wochen  beim  Austreiben  eine  ausreichende  Lichdntensitat 
geniefien  konnte. 

tJber  die  wechselvoUen  Vorgange  bei  der  Verwendung  der  Assimilate  zur  StoflF- 
produkdon  und  ihre  Auswirkung  auf  den  Entwicklungsverlauf  zwisdien  zwei 
Pfropfpartnern  wissen  wir  leider  noch  sehr  wenig. 

Das  Lang-Kurztagprobiem  kann  ebenfalls  nicht  als  Begrundung  der  Leistungs- 
unterschiede  herangezogen  werden.  Exakte  Daten  iiber  die  vegetadve  Entwick- 
lung  und  die  Biuhtermine  der  Unterlagen  waren  dem  Verfasser  leider  nidbt 
zuganglich.  Lichtphysiologische  Ursadien  liegen  aber  folgender  Erscheinung  zu- 
grunde:  Der  erste  Flor  nadi  dem  Austreiben  blieb  bei  den  auf  R.  odorata  ver- 
edelten  Edelsorten  mit  seinem  Ertrage  gegenuber  den  auf  anderen  Unterlagen  in 
iedem  Jahr  merklidi  zuruck.  Sie  bildeten  beim  ersten  Austrieb  (mit  der  Rosen- 
kultur  wurde  im  damaligen  Insdtut  in  der  ersten  Halfte  des  Februar  begonnen) 
eine  groiSe  Zahl  von  Blindtrieben,  die  erst  nach  dem  Pinzieren  und  erneuten 
Austreiben  in  einem  sogenannten  Zwischenflor  Bliiten  brachten.  Die  Hochstertrage 
der  Odorata-Kombinadonen  beruhen  in  der  Tat  auf  ihrer  hohen  Leistung,  vor- 
nehmlich  in  den  lichtreichen  Monaten.  Nach  amerikanischen  Untersuchungen  (91) 
entstehen  die  Blindtriebe  der  Rosen  durch  ungiinstige  Belichtungsverhaltnisse  im 
Winter  nach  dem  Austreiben  des  Auges.  Eine  starkere  Beliditung  im  Fnihjahr 
in  Verbindung  mit  mittleren  Sdckstoffgaben  setzte  die  Zahl  der  Blindtriebe  herab, 
zu  geringe  Sdckstoffgaben  veranlafiten  eine  Erhohung.  Nach  einer  Austriebslange 
von  2,5  cm  war  keine  Moglichkeit  zur  Beeinflussung  durch  Belichtung  mehr  vor- 
handen!  Die  Ergebnisse  beweisen  gleichzeidg  anscheinend  die  Wirksamkeit  von 
Bluhhormonen,  denn  das  Okulieren  in  Blindholz  brachte  einen  hohen  Anteil  an 
Blindtrieben,  dagegen  aber  das  Okulieren  von  Augen  aus  Blindholz  in  bliihende 
Triebe  unter  Voraussetzung  gunsdger  Umweltsfaktoren  einen  hohen  Anteil  an 
Bliiten.  Diese  Ergebnisse  zeigen  Zusammenhange  zwischen  Lichtwirkung  und 
Ausbildung  bliitenbildender  Stoffe  und  widerlegen  in  gewissem  Grade  die  Nahr- 
stofftheorie  von  KUbs  (27),  wenn  man  die  Stoffumwandlung  nach  der  Stoff- 
produkdon  nicht  beriicksichdgt.  Bemerkenswert  bleibt  trotzdem  das  Verhalten  der 
Edelsorten  auf  R.  odorata  beim  ersten  Flor,  wenn  er  in  die  lichtarmeren  Friih- 
jahrsmonate  fallt.  Sie  verliert  dadurch  an  Wert  auch  fiir  die  Sommerkultur  dei 


ais  rddilich  ausgleicht.  Gerade  die  Canina-Unterlage  und  ihre  Abkdmmlinge, 
denen  das  Bedurfnis  einer  langen  Winterruhe  nadligesagt  wird,  zeigen  dlese  Er- 
scheinungen  nicht  in  so  hohem  Mafie.  Die  Winterruhe  der  R.  canina  scheint  uber- 
haupt  mehr  ektogen  als  endogen  bedingt  2u  sein.  R.  odorata,  die  aus  Westdiina 
stammt,  verlangt  zur  Blutenbildung  anscheinend  eine  hohere  Lichtmenge  als  die 
in  den  europaischen  Kreis  gehorigcn  Canina-Rassen.  Diese  Eigensdiaft  mufi  sie 
aber  fur  eine  Winterkultur,  oder,  wie  sie  bei  Noack-Kallaucb  bezeidmet  wird, 
eine  Dauerkultur,  erst  recht  als  ungeeignet  erscheinen  lassen.  Audi  R.  manetdi 
gehort  durdi  ihre  vermutlidie  Abstammung  von  R.  gallica,  deren  Heimat  Mittel- 
und  Sudeuropa  ist,  mehr  zu  den  europaisdien  Rosen,  obwohl  sie  uber  eine  R.  bor- 
bonica-Varietat  Erbgut  der  in  Zentraidiina  beheimateten  R.  diinensis  (Syn.  R. 
indica)  besitzt.  Sie  zeigt  aber  nidit  so  deutlidi  jene  Eigentumlidikeit  der  R.  odorata. 
Trotzdem  also  die  Unterlage  selbst  nidit  mehr  mittels  eigener  Organe  an  der 
Erzeugung  aufbauender  Stoffe  beteiligt  ist,  sdieint  sie  dodi  ihre  hohere  lidit- 
bediirftigkeit  auf  die  Edelsorte  zu  ubertragen. 

Rosen  auf  R.  odorata  und  R.  manettii  verlangen  erfahrungsgemafi  eine  etwas 
hohere  Warme  und  lieben  vor  allem  Bodenwarme.  Dadurdi  besteht  die  grofie 
Gefahr,  dafi  des  Guten  vomehmlidi  wahrend  truber  Tage  zuviel  getan  wild. 
Lidit  ist  durdi  Warme  nidit  zu  ersetzen.  Audi  eine  zu  hohe  Warmegabe  ware 
als  Ursadie  der  Entstehung  der  Blindtriebc  denkbar,  wenn  der  Kompensatioas- 
punkt  zwisdien  Stoffgewinn  und  Stoffverbraudi  untersdiritten  wird,  wodurdi  die 
Blutenbildung  unterbleibt.  Als  praktisdie  Mafinahme  ware  daher  eine  gewisse 
Senkung  der  Temperatur  an  truben  Tagen  ratsam,  soweit  es  Sorteneigenheiteo 
und  Kulturbcdingungen  iiberhaupt  zulassen. 

Die  Mehrleistung  der  Edelrosen  auf  R.  odorata  und  R.  manettii  wird  in  der 
gartnerisdien  Praxis  viclfadi  auf  ihr  reidies,  weitverzweigtes  Faserwurzelsystem 
zuriidcgefiihrt,  das  man  bei  unseren  Caninaformen  vermifit.  Diese  beiden  Rosen- 
unterlagen  sind  gleidizeitig  Fladiwurzler  und  rcagieren  dadurdi  wahrsdieinlidi 
rasdier  auf  die  zugefuhrte  Warme  bei  der  winterlidien  Kultur  unter  Glas. 

Die  in  dieser  Arbeit  behandelte  Aufgabe  lafit  ein  ausfiihrlidieres  Eingehen  auf 
das  Verhalten  des  ersten  Austriebes  der  Odorata-Kombinationen  nidit  zu.  Die 
im  Rahmen  des  Kurz-Langtagproblems  in  einigen  Punkten  nidit  ganz  zum  Thema 
gehorigc  Erorterung  solite  nur  das  Bestehen  liditphysiologisdier  Beziehuogen 
zwisdien  Reis  und  Unterlage  andeuten.  Sie  spielen  fur  das  jahrlidie  Gesamt- 
leistungsproblem  nur  eine  untergeordnete  RoUe.  Die  Annahme  einer  geeignetereo 
Nahrstoffversorgung  auf  Grund  der  gunstigen  anatomisdien  Verhaltnisse  der 
Unterlage  und  der  Vcrwadisungsregion  sdieint  fiir  die  durdisdinittlidie  Jahres- 
leistung,  audi  unter  Berudcsiditigung  der  Wirksamkeit  anderer  Faktoren  bered)- 
tigt  zu  sein.  Aus  der  oben  erwahnten  amerikanisdien  Arbeit  geht  die  Bedeutuag 
einer  ausrcidiendcn  Etnahrung,  wenn  audi  zunadist  aus  einem  anderen  Gesidits- 
winkel  heraus  betraditet,  hervor.  Nadi  Vavilov  (nadi  einer  Mitteilung  von  Krenh 
[29],  S.  518)  u.  a.  andert  sidi  aber  das  Verhaltnis  der  Mineralsalze  untereinander 
im  Reis  unter  der  Wirkung  der  Unterlage.  (In  diesem  Zusammenhange  sei  audi 
auf  die  Arbeiten  von  Silberscbmidt  (60-65)  hingewiesen.)  Die  qualitative  uod 
quantitative  Aneignung  der  Nahrstoffe  aus  dem  Boden  durdi  die  Wurzel  der 
Unterlage  wird  aufierdem  fiir  den  Ertrag  der  Edelrosen  eine  bedeutsaroe  Rolle 
spielen.  Wenn  audi  die  anatomisdien  Verhaltnisse  im  Gewebeaufbau  in  hohem 
Mafie  durdi  die  Ernahrung  beeinfltifit  werden,  so  bleibcn  dodi  ~  wie  das  die 
Quersdinitte  durdi  die  Veredlungsstelle  zeigen  -  die  untersdiiedlidien  Verhalt- 
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nisse  der  Gefafie  beider  Pfropf partner  in  den  einzelnen  Unterlagenkombinationen 
bestehen.  Audi  der  durdi  Kulturmafinahmen  hervorgerufene  Wadistumsrhythmus 
hat  hierin  keine  Anderung  schaffen  konnen.  Sidierlich  stehen  Auswahlver- 
mogen  der  Unterlagenwurze],  Wasseraufnahme  und  anatomischer  Aufbau 
der  Unterlagen  in  wechselseitiger  Beziehung  zueinander,  so  dafi  letzterem 
nur  ein  bestimmter  Anteil  an  den  Ertragsunterschieden  zugeschrieben  werden  kann. 
Unter  Beaditung  aller  zusammenwirkenden  Faktoren  mufi  man  zu  der  Ansicfat 
gelangen,  dafS  die  Emahrung  durch  eine  entsprechende  Unterlagenwahl  in  ein 
gunstiges  Verhaltnis  zu  den  Umweltfaktoren  gebradit  werden  mufi,  um  Hodbst- 
leistungen  zu  erzielen,  wobei  ailerdings  bei  manchen  Unterlagen  durch  ihre  ana- 
tomische  Besdiaffenheit  in  Verbindung  mit  der  Edelsorte  sehr  bald  die  maximale 
Grenze  erreicht  wird.  Im  Falie  R.  can.  SenfT  wiirde  das  bedeuten,  dafi  die  meisten 
Edeisorten  wegen  der  ungeniigenden  Ernahrung  durch  die  Unterlage  die  ihnen 
durch  die  Aufienfaktoren  gebotenen  Mdglichkeiten,  Hochstertrage  hervorzubrin- 
gen,  nicht  voli  ausnutzen  kdnnen.  Die  Hochstertrage  seibst  mussen  sich  sclbstver- 
standlich  in  den  durch  das  Erbgut  bedingten  Grenzen  bewegen.  Im  ubrigen  kann 
man  sich  ganz  der  Meinung  Krenkes  (S.  520)  anschliefien,  die  im  folgenden  zidert 
wird: 

„Es  ist  wohl  ohne  weiteres  anzunehmen,  dafi  die  qualitativen  und  quantitadven 
Veranderungen  in  der  mineralischen  und  organischen  Nahrung,  wie  sie  das  Pfropf- 
verhaltnis  fiir  beide  Pfropfpartner  mit  sich  bringt,  als  eine  der  Grundursachen  fiir 
die  Veranderungen  ihrer  Entwicklungsphasen  anzusehen  ist" 

Und  weiter: 

,3s  ist  aber  kein  Zweifel,  dafi  diese  Fragen  der  Veranderung  der  Entwicklungs- 
phasen von  Unterlage  und  Reis  unter  ihrer  gegenseidgen  Einwirkung  nicht  nur 
durch  die  Begriffe  der  quantitativ  und  qualitadv  verschiedenen  Emslhrung  erklart 
werden  kdnnen.  Vielmehr  spielt  zweifellos  die  eigentliche  Dynamik  des  Stoffwech- 
sels  und  der  physikochemisdie  Zustand  der  Gewebe  der  beiden  Pfropfpartner  eine 
ausschlaggebende  RoUe.*' 

Er  weist  u.  a.  weiter  darauf  bin,  dafi  Temperatur  und  Beleuchtung  auf  den  StoFf- 
wechsel  und  den  physikochemischen  Zustand  der  Gewebe  einwirken. 

liL  Coniothyrium  fadkelii  Sacc^  eine  gefahrliche  Krankheit 
an  Winterveredlnngen  der  Edelrosen 

Im  Laufe  der  Erorterungen  wurde  des  dfteren  auf  eine  Krankheitserscheinung 
hingewiesen  Es  fiel  wahrend  der  Vegetationsbeobachtung  auf,  dafi  die  Veredlun- 
gen  auf  R.  odorata  und  R.  manetdi  nach  anfanglidi  ausgezeichnetem  gleichmafii- 
gem  Durchtrieb  anfingen,  unterschiedlich  weiterzuwachsen.  Nach  6-7  Wochen  ver- 
sagten  plotzlich  schon  lang  durchgetriebene  Pflanzen  von  beiden  Sorten,  aber  nur 
in  den  Kombinadonen  mit  R.  odorata  und  R.  manettii.  Etwa  2  Wochen  spater 
zeigten  sich  auf  der  dem  Verediungsschnitt  gegeniiberliegenden  Seite  einer  be- 
tracfatlichen  Anzahl  der  Reiser  hell-  und  dunkelbraune  Flecken,  die  haufig  rasch 
an  Umfang  zunahmen,  manchmal  audi  keine  grofie  Ausdehnung  erreichten  (Abb.  33 
und  34).  12  Wochen  nach  dem  Veredeln  waren  von  den  noch  vorhandenen  Pflan- 
zen der  Manettii-Kombinadonen  rund  33  %,  von  den  Odorata-Kombinationen 
rund  20%,  nach  der  aufieren  Betrachtung  zu  urteilen,  befallen.  Die  Krankheit 
erwies  sich  als  aufierst  heimtiiddsch  und  gefahrlich.  Gerade  der  Umstand,  dafi  die 
Edelsorte  lange  freudiges  Wadistum  zeigte  und  das  Absterben  meist  vom  unteren 
Teil  aus  einsetzte,  was  wie  ein  Abstofien  des  Reises  durch  die  Unterlage  aussieht. 


Pilzkcankheit  zuzusdiicibcn  scin. 

Die  von  Noack-Kallaucb  angefiihrte  Wuczelfaule,  dcrcn  Etreger  Cylindrodadium 
scoparium  Morg.  ist  und  die  ebenfalls  meiit  ihren  Ausgang  an  schlecht  uberwailteo 
Vered lungs s tell ea  nimmt,  kam  wegen  der  auftrctenden  Symptome  nicht  in  Fragc 
(vgl.  Pape  (52)).  Die  gefundenen  Sporen  waren  weder  lang-zylindrisch,  noch  zwei- 
zellig  und  auBerdem  nicht  farblos.  Coniothyrium  wernsdorffiae,  die  Rindenfledten- 
krankheit,  sdiied  sowohl  wcgen  des  Kiankheitsbildes  als  audi  nadi  den  Messuages 
der  FniditkSrper  aus.  Die  Art  und  Weise  des  Auftretcns  der  Krankheit  stimmte 
abcr  mit  dei  Besdireibung  zweier  anderer  Parasiten  aus  der  Gattung  Coniothyrium 
wcitgebend  uberein  und  zwar  C.  rasarum  Cke.  et  Hark,  und  C.  fuckelii  Sacc.  Sic 
werden  als  Erreger  des  Veredlungskrebscs  (graft  canker)  bzw.  Stammkiebses  (stem 
canker)  an  Hausrosen  am  ausfilhrlidisten  im  amerikanisdien  Sdirifttum  von  Vogd 
(80)  und  Waterman  (85,  86)  behandelt.  Die  SporengroGe  beider  Pilze  bieten 
keine  Handhabe  zur  einwandfreien  Bestimmung.  Nach  Vogel  ist  die  Grofic  d« 
Pyknjdiums  zur  Untersdtcidung  biauchbai.  Danach  muBte  es  sich  um  C.  rosarum 
handeln.  Die  Pykniden  solien  300-375  j"  grofi  sejn,  be!  C.  fuckelii  nur  180-200 /■. 
Die  durdigcfubrten  Messungen  ergaben  Durdimcsser  von  230-340  m  .  Waterman 
(86)  dagegcn  kommt  nadi  eingebenden  Untersudiungen,  in  denen  beide  Pilzc 


Abbildung  33  und  34 


nebeneinander  verglichen  wurden  und  die  keine  crkennbaieo  moiphologisdieo 
und  physiologlschen  Unterschiede  erbrachten,  zu  der  Ansicht,  daC  beide  Krank- 
heiten  mit  groBter  Wahrscheinlichkeit  dutch  denselben  Pilz,  namlidi  C.  fudteiii 
Sacc.  hervorgerufen  werden  und  C.  rosarum  mit  dieser  alteren  Art  identisth  iit. 
Da  die  vorliegende  Arbeit  nicht  mykologischen  Studicn  diente,  wurde  auch  keine 
Isolierung  des  Pilzes  vorgenommen.  Es  seien  daher  nur  die  letzten  Untcrsudtun- 
gen  iiber  dieses  Thema  vermittelt. 
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Auf  Gnind  der  Watermansdisn  Aibdt  erscheint  die  Pestlegung  der  Spezies  als 
C.  fuckelii  als  die  beste.  Der  Erreger  Endet  gerade  im  VecmehniagEbeet  fur  seine 
Entwiddung  gunsdge  Voraussetzungen,  namlidi  hohe  Feuditigkeit,  wenig  Lidit 
und  vor  altem  fast  optimalc  Tempcraturcn  urn  +23°C.  Beide  Autoren  bcob- 
achteten  Sonenuntersdiiede  und  weisen  auf  die  Immunltat  von  R.  manettii  hin. 


Abbildung  35  a  und  b 
=  toter  Rindenteil,  Gr.  =  lebendes  Rindengewebe 


Gerade  diese  Pcststellung  wurde  be!  unseren  Untersudiungen  nidit  bestatigt,  denn 
mit  einigen  seltenen  Ausnahmen  von  R.  can.  SenIT  mit  ..Better  Times",  die  uber- 
haupt  die  anfalligcce  von  bciden  Sorten  zu  sein  sdidnt,  wurden  n  u  r  die  Vered- 
lungen  auf  R.  odorata  und  R.  manettii  befallen,  obwohl  die  Odorata-Kombination 
wie  audi  die  Veredlungen  auf  R.  manettii  didit  nebcn  denen  auf  R.  canina,  R, 
pollmeriana  oder  R.  can.  Sen?  im  gleidien  Raume  standen.  Die  Voraussetzungen 
fur  eine  Infcktion  waren  also  fiir  alle  Pflanzen  in  jedei  Beziehuag  die  gleidien. 
Befallen  wurde  immcr  zuerst  das  Reis,  von  dort  giiff  die  Kranliheit  auf  die  Unter- 
lage  fiber.  Es  wurden  audi  einige  Reiser  infiziert,  deren  Unterlage  zur  Canina- 
Gnippe  gehorte.  Dei  Pilz  stellte  aber  nadi  kurzcr  Teh  sein  Wadistum  ein.  Eine 
\peiteie  Ausbreitung  im  Gewebe  unterblieb  sodann.  Rein  auBerlidi  war  den  Pflan- 
zen ubcrhaupt  mdits  anzumerken.  An  den  Unterlagen  dieser  Gruppe  konnte  fast 
kein  Befall  oder  nur  wenige  Zellreihen  tief  beobaditet  werden.  Dann  gelangtc 
das  Wadistum  des  Pilzes  zum  Stillstand. 

Lange  bevor  die  Fledcen  auf  dei  Rinde  ersdiienen.  waren  die  Interzellularen  des 
Markes,  die  Zelien  der  Markkrone  und  zum  Teil  die  Markstrahlcn  mit  dunkel- 
braunen  bis  schwarzen  Massen  erfullt  f  Abb.  36a  und  b).  Die  ersten  Anzeidien 
dieser  Art  zeigten  sidi  bcreits  nadi  10-12  Tagcn.  Da  sidi  der  Pilz  ansdieinend 
fast  konzentrisdi  fiber  die  Markstrahlen  und  die  Holzparenchymzellen  ausbreitet, 
erreidite  er  audi  zuerst  stets  dort  das  Rindengewebe,  wo  das  Kambium  seine 
Titigkeit  nodi  nidit  aufgenommen  und  mit  dem  Aufbau  sekundiren  Holzes  bzw. 
des  Siebteils  begonnen  hatte.  Diese  Stelle  war  immer  die  dem  Kopulationssdinitt 
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Abbildung  36  a  —  k 
=  bciallenes  Gewebe 

befall  en  e  Markstrahleo 


gegeniiberliegendc  Seite  dcs  Rcises,  besondcrs  in  dcr  untcrcn  HSlfte,  In  Abb,  35» 
ist  die  ganzc  ruckwartige  Scice  des  Rdses  sbgestorben.  Abb.  36a  gibt  den  Quo- 
schnitt  durdi  das  Reis,  Abb.  36b,  e,  f  durdi  Reis  und  Unterlage  wiedei,  dtxett 
rechte  Seitc  stets  zuerst  zerstort  wurde.  Da  der  Pilz  sehr  gem  das  Wundgewebc 
befallt  und  abtotet,  ist  er  am  unteren  Teil  der  Veredlung  besondcrs  dadurdi  gt- 
jihrlich,  daB  die  Veceinigung  zwisdien  Reis  und  Unterlage  wieder  zerstort  wittl 


zdgt  im  unteren  Teil  der  Veredlungsstelle  das  zerstorte  Wundgewebe.  In  Abb.  36c 
und  Abb.  36  d  ist  das  abgetotete  Verwachsungsgewebe  im  Langs-  bzw.  im  Quer- 
scfanitt  siditbar.  Hand  in  Hand  mit  dem  Befall  wurde  eine  verstarkte  Wund- 
gummiabsondening  beobaditet.  Es  ist  bezeichnend,  dafi  die  Zonen  starksten 
Wachstums,  also  die  linke  Seite  der  Veredlung  insgesamt  und  die  rechte  Seite 
des  Reises  verschont  bleiben,  dagegen  die  Teile  des  Wachstumssdllstandes,  also 
ganz  besonders  die  redite  Seite  der  Unterlage  bis  zu  det  Steile,  wo  ihr  Kambium 
wieder  tadg  ist,  und  die  dem  Veredlungsscfanitt  gegenuberliegende  Seite  des 
Reises  (Abb.  36d,  f,  g),  dessen  kambiale  Tatigkeit  dort  auch  nodi  nicht  eingesetzt 
hat,  der  Ausbreitung  des  Pilzes  Vorschub  leisten.  In  ahnlidier  Weise  wirken  sidi 
Wachstumsstockungen  aus.  Erst  spat,  wenn  der  sekundare  Zuwachs  sidi  verlang- 
samt,  erfolgt  audi  der  Befall  der  Markstrahlen  und  Holzparendiymzellen  dieses 
Zuwadises  und  der  ansdiliefienden  Sieb-  und  Rindenteile. 

Befallene  Pflanzen  sind  nidit  zu  retten.  Die  Pflanzen  konnen  aber  mitunter  nodi 
jahrelang  weiterleben,  wenn  der  Pilz  sidi  nidit  an  einer  Steile  uber  den  ganzen 
Umfang  des  Triebes  ausbreitet.  Junge,  uber  der  befallenen  Steile  entstehende 
Triebe  sterben  jedodi  ab.  Samtlidie  Pflanzen  der  Odorata-  und  Manettii-Kombi- 
nadonen,  die  im  Herbst  entnommen  wurden,  waren  infiziert,  obwohl  ihnen  rein 
aufierlidi  nidits  anzusehen  war.  Die  besondere  Gefahrlidikeit  der  Krankheit  liegt 
gerade  darin,  dafi  die  Zerstorungen  im  Holzkorper  viel  weiter  reidien  als  die  ab- 
gestorbenen  Rindenfledcen,  falls  ubethaupt  weldie  vorhanden  sind,  vermuten 
lassen  (Abb.  36b  und  e).  Ob  die  Krankheit  in  die  Versudie  von  aufieii  ein- 
gesdileppt  wurde,  kann  nidit  mit  Sidierheit  entsdiieden  werden.  Da  der  Pilz  durdi 
Wunden  eindringt,  ist  besonders  beim  Ldsen  des  Bastverbandes  ein  Verletzen  der 
Pflanze  durdi  Einsdineiden  mit  dem  Messer  sorgfaldg  zu  vermeiden.  Erkrankte 
Pflanzen  mussen  vemiditet  werden.  Auf  weldie  Weise  die  Infekdon  aufier  durdi 
hygienisdie  Mafinahmen  mit  Erfolg  verhindert  werden  konnte,  daruber  ist  nidits 
bekannt.  Vielleidit  fuhrt  das  Versdimieren  der  Veredlungen  mit  Baumwadis  zum 
Ziel.  Denn  besonders  die  grofie  Fladie  der  Unterlage  birgt  in  hohem  Grade  die 
Gefahr  eines  Befalls.  Vielleidit  ist  audi  durdi  Eintaudien  der  Reiser  und  Unter- 
lagen  in  eines  unserer  bekannten  Pilzbekampfungsmittel  vor  dem  Veredeln  ein 
Erfolg  erreidibar.  Tatsadie  ist  allerdings,  dafi  die  Veredlungen,  deren  Pfropf- 
partner  keine  allzu  grofien  Starkeuntersdiiede  aufweisen,  weniger  unter  dem  Befall 
litten.  Die  verheerenden  Zerstorungen  auf  der  rediten  Seite  des  Reises  sind  in 
den  Abb.  36f  und  g  gut  zu  erkennen.  Es  ist  also  anzuraten,  ein  gar  zu  grofies 
Mifiverhaltnis  zwisdien  der  Starke  von  Reis  und  Unterlage  bei  der  Kopuladon 
zu  vermeiden,  wodurdi  in  spateren  Jahren  dodi  nur  sdiwcr  heilende  Wunden  und 
damit  dauemde  Eingangspforten  fiir  das  Eindringen  des  Pilzes  bestehen  bleiben, 
oder  sidi  einer  anderen  Veredlungsart  zu  bedienen,  die  soldie  grofien  Wunden  aus- 
sdiliefit. 

Wenn  diese  ,,Veredlungskrankheit"  weitere  Ausbreitung  erfahren  sollte,  ohne  dafi 
eine  wirksame  Bekampfung  moglidi  ware,  wird  man  sidi  nadi  immunen  oder 
resistenten  Unterlagen  umsehen  mussen.  Dafi  audi  bei  Rosen  in  dieser  Riditung 
ein  Einflufi  der  Unterlage  auf  die  Edelsorte  besteht,  ist  durdi  die  gesdiilderten 
Beobaditungen  hinreidiend  bewiesen.  Canina  und  ihre  Abkdmmlinge  liefern  uns 
ein  derartiges  Material.  Wie  die  Einzelpflanzenbeobaditung  bei  der  Ertrags- 
leistungsprufung  des  Insdtuts  zeigt,  gibt  es  bei  den  Veredlungen  auf  R.  canina  eine 
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geniigende  Anzahl  Pflanzen,  die  Jahr  fur  Jahr  erne  erstaunlich  hone  Leistung 
aufzuweisen  haben,  ohne  an  einem  irgendwie  begunstigten  Standort  zu  steheo. 
Es  durfte  daher  keine  allzu  scfawierige  Aufgabe  sein,  aus  dem  uneinheitlidiefl 
Material  dieser  Art  -  vielleicfat  unter  Beachtung  einer  giinstigen  anatomisdien 
Struktur  -  Typen  zu  selektionieren  und  reinklonig  zu  vermehren,  die  fur  die 
Rosenkultur  unter  Glas  gleicfamafiig  ertragreiche  Unterlagen  darstellen,  resistent 
sind  und  aufierdem  keine  Unvertraglicfakeit  gegeniiber  einzelnen  Sorten,  im  be- 
sonderen  denen  mit  Pemetiana-Erbgut,  aufweisen. 

Zusammenfaumig  und  Sdilufibetradhtimg 

In  der  vorliegenden  Arbeit  ist  der  Versuch  unternommen  worden,  in  vergleidien- 
den  Untersudiungen  die  Ursadien  der  Ertragsuntersdiiede  von  Edelrosensortea 
auf  verschiedenen  Unterlagen  bei  der  Kultur  unter  Glas  aus  den  anatomisdieo 
Verhaltnissen  der  Pfropfpartner  abzuleiten.  Es  wurden  Veredlungen  von  2  Haus- 
rosensorten  auf  5  versdiiedenen  Unterlagen  hierzu  herangezogen.  Die  Unter- 
sudiungen brachten  folgende  Ergebnisse: 

1.  Die  Verwacfasungsvorgange  selbst  zeigten  keine  Untersdiiede,  die  Rucksdilusse 
auf  die  kunftige  Blutenerzeugung  zugelassen  batten.  AUe  Kombinationen  ver- 
wudisen  ohne  Schwierigkeiten.  Nur  die  Veredlungen  von  „Geheimrat  Duisberg" 
auf  R.  manettii  weisen  einen  etwas  zdgernden  Verwachsungsverlauf  auf,  wahr- 
scheinlich  die  Folge  einer  gewissen  Unvertraglichkeit  des  Pemetiana-Erbgutes  der 
Edelsorte  mit  der  Unterlage. 

Die  beiden  untersuditen  Sorten  wiesen  in  der  Fahigkeit,  Kallus  zu  bilden,  Unter- 
sdiiede auf,  die  aber  nidit  so  grofi  waren,  um  das  Zustandekommen  der  Ver- 
wadisung  zu  beeintradidgen. 

Es  kommt  bei  alien  Kombinationen  zur  Ausbildung  durdigehender,  editer  Gefa&e 
in  der  Verwadisungszone.  Ihre  Anzahl  riditet  sidi  naturgemafi  nadi  dem  Partner 
mit  dem  zahlenmafiig  geringeren  Anteil.  Die  untersdiiedlidie  Menge  an  Gefafien 
im  Holzteil  der  Pfropfpartner  fuhrt  nidit  zu  Verwadisungssdiwierigkeiten. 

2.  Es  sdieinen  Beziehungen  zwisdien  Ertragsleistung  und  Gefafianteil  der  Unter- 
lage zu  bestehen.  Die  hodisten  Ertrage  werden  auf  den  Unterlagen  geliefert,  dercn 
anatomisdier  Aufbau  dem  der  Edelsorte  am  nadisten  kommt,  hier  R.  odorata  und 
R.  manettii.  Beide  besitzen  wie  die  Edelsorten  viele  und  weitlumige  Gefafie. 

3.  Die  bei  den  durdi  Kopulation  veredelten  Pflanzen  iiblidien  Verkrummungen 
im  Gewebeverlauf  braditen  graduelle  Untersdiiede.  Das  Gewebe  war  starker 
gemasert  bei  den  Veredlungen  auf  R.  can.  SenfF,  sdiwadier  bei  R.  odorata  und 
R.  manettii.  Es  ist  daher  anzunehmen,  daC  audi  die  Maseningen  ansdieinend  einen 
gewissen  EinfluG  auf  die  Bliihleistung  ausuben. 

4.  Man  mufi  bei  Ertragsprufungen  untersdieiden  zwisdien  sdiwadier  Bliihleistung 
als  Auswirkung  der  Unvertraglidikeit  zwisdien  Reis  und  Unterlage,  und  sdiwadier 
Bliihleistung,  die  ihre  Ursadie  in  der  anatomisdien  Besdiaffenheit  der  Unterlage 
hat.  Danadi  ist  R.  can.  Senff  fiir  die  Kultur  unter  Glas  als  Unterlage  fiir  den  weit- 
aus  groCten  Teil  unserer  Edelsorten  abzulehnen  und  R.  manetdi  fiir  Tcehybriden 
mit  Pernetiana-Erbgut  in  den  meisten  Fallen  ungeeignet 

5.  Eine  mehr  oder  weniger  durchbrodiene  oder  beseitigte  ^Isoliersdiicht"  in  der 
Verwadisungsregion  beider  Pfropfpartner  sdieidet  fiir  die  holzardge  Pflanze  mit 
einem  gesdilossenen  Kambiumring  als  Ursache  der  Ertragsuntersdiiede  aus.  Audi 
das  Unvertraglichkeitsproblem  wird,  wenn  es  zu  einer  Verwadisung  beider  Pfropf- 
partner kommt,  durch  sie  nicht  gelost. 

436 


Fast  ausschliefilich  werden  nur  die  Veredlungen  auf  R.  odorata  und  R.  manetdi 
befallen.  Die  Immunitat  oder  Resistenz  von  R.  manetdi,  wie  in  der  amerikanischen 
Literatur  angegeben,  kann  daher  nicfat  bestatigt  werden.  Die  beiden  untersuchten 
Sorten  zeigten  eine  unterschiedliche  Anfalligkeit 

7.  Die  Kopuladon  ist  bei  starken  Unterscfaieden  in  der  Dicke  von  Reis  und  Unter- 
lage  wegen  der  oft  unuberwindlicfaen  Schwierigkeiten  bei  der  Oberwallung  der 
nidit  passenden  Seite  der  Veredlung  und  damit  verbundenen  Gefahr  des  Befalls 
durch  Wundparasiten  zu  vermeiden  und  das  Anplatten  zu  empfehlen,  wenn  das 
GeiCfufipfropfen  (Trianguladon)  oder  Rindenpfropfen  aus  bekannten  Grunden 
nidit  angewandt  werden  soil. 

Die  vorliegenden  Untersucfaungen  wurden  an  Material  durchgefuhrt,  das  nur  Be- 
obachtungen  im  ersten  Jahre  nach  der  Veredlung,  d.  h.  etwa  9  Monate  lang, 
gestattete.  Die  gefundenen  Tatsachen  mufiten  zur  Bestadgung  an  alteren  Ver- 
edlungen nachgepruft  werden.  Die  Ergebnisse  bringen  keine  restlose  Klarung  fur 
die  unterschiedliche  Ertragsleistung  auf  verschiedenen  Unterlagen.  Sie  bedurfen 
erganzender  Untersuchungen  auf  dem  Gebiete  der  Dungung  und  der  Ernahrungs- 
physiologie.  Die  Frage  der  besseren  Emahrung  durch  manche  Unterlagen  auf 
Gnind  ihrer  anatomiscfaen  Struktur  unter  Benicksichdgung  einer  gewissen  Stauung 
der  Assimilate  an  der  Veredlungsstelle  birgt  eine  Reihe  neuer  Probleme. 
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lem  Institut  fur  Gemusebau  GroBbecren  der  Humboldt-Univcrsitat  zu  Berlin 

Von  |.  Reinhold 


n  meisten  im  Gemusebau  verwendeten  Komposten  ist  in  der  Regel  der  Stick- 
relativ  am  meisten  im^  Mangel.  Das  ist  aus  vielfaltigen  Versuchen  erwiesen. 
kispiel  moge  fur  viele  ausgewahlt  sein.  In  einem  normalen  Wirtschaftskom- 
:ines  Gemusebaubetriebes  betrug  der  Gehalt  an  physiologisch  rasch  wirk- 
1  Nahrsto£Fen  (nach  Mitscberlicb  bestimmt): 

0,136  %  P2O5 
0,150  %  }Cp 
aber  nur    0,024  %  N  (4). 

iken  >¥ir,  dafi  in  der  Regel  der  Sticksto£F  den  kleinsten  Wirkungswert  hat, 
rd  offensichtlicfa,  dafi  unsere  Komposte  neben  ihrer  guten  physikalischen 
mg  wohl  beachtHche  PjOg-  und  KjO-Trager  sind,  aber  in  ihrer  N-Wirkung 
In  der  Kegel  nicht  genugend  befriedigen.  Hiernach  erscheint  es  zweckmafiig, 
iCompost  mit  Stickstoff  an2ureichem.  Schon  vor  Jahren  empfahi  ich  auf 
i  umfangreicher  Versuchsreihen,  die  beizumischende  mineralische  Stickstoff- 
I  in  der  Regel  nicht  iiber  0,35  kg  je  cbm  Torfkompost  hinauszusteigern,  weil 
Menge  sich  als  eine  physiologisch  unbedenklicfae  Konzentradon  erwies  (3). 
ichien  nun  zweckmafiig,  an  einem  gewohnlicfaen  Wirtscfaaftskompost  die  Frage 
Ifen,  welcfae  Stickstofform  sich  fur  den  Zusatz  als  am  geeignetsten  erwies. 
zogen  wurden  neben  dem  meist  bevorzugten  Kalkstickstoff  und  dem  Harn- 
loch  Kalkammoniak,  Natronsalpeter  und  Ammonchlorid.  In  alien  Fallen 
:n  einem  cbm  Kompost  300  g  N  zugesetzt.  Es  stand  nicht  allein  zu  hoffen, 
lurch  die  Beimischung  eine  wirksame  Erhohung  des  N-Vorrates  eintreten 
,  sondern  aucfa,  dafi  ein  Teil  durch  die  Bakterien  und  Pilze  verwertet  und 
e  Anreicherung  mit  organisch  gebundenem  N  eintreten  wurde. 


L  Das  Ansetzen  der  Komposte 

ezember  wurden  vollig  gleiche  Versuchskomposte  quantitativ  aufgesetzt 
Haufen  wurde  2  cbm  grofi  gemacht  Als  Versuchsmaterial  dienten :  Tomaten- 
aprikastengel,  Spargelstroh,  Weifikohllaub  und  -strunke,  Bohnenstroh,  Mohr- 
craut,  Blumenkohlstrunke,  Sellerielaub,  Senfstroh  und  Kastanieniaub.  Von 

dieser  Ausgangsstoffe  wurde  fiir  jeden  Haufen  die  gleiche  Menge  ge- 
en.  Zum  Teil  mufite  es  angefeuditet  werden,  wofur  je  Haufen  beim  An- 

37  1  Wasser  benotigt  wurden.  Jeder  Haufen  erhielt  ferner  2  kg  Brannt- 
ilso  1,0  kg  je  cbm.  Der  Kalk  wurde  sorgfaltig  eingemischt.  Als  Deckmantel 

sdiliefilich  alte  zersetzte  Komposterde  (03  cbm)  aus  dem  Gemusebetrieb 
t.  Die  Komposte  basierten  auf  einem  sandigen  Lehmboden.  Im  Februar 
n  alle  Haufen  zum  ersten  Male  umgesetzt  Vor  diesem  Umsetzen  war  das 
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0,83  cbm.  Die  Sdirumpfung  betrug  also  583  %-  Alles  Material  war  nun  sdion 
stark  angegriffen  bis  auf  die  Kohlstrunke,  die  sich  als  am  widerstands£ahigsteo 
zeigten.  Bei  diesem  Umsetzen,  also  im  Mai,  wurden  nun  die  StidutofiFsalze  gut 
verteilt  beigemischt.  Die  Mengen  waren  folgende: 


Kompost  Nr. 

kg 

Stickstoffsalz 

•/•  N 

I 

o 

ohne  Zusatz 

^_^ 

2 

1,99 

Kalkammoniak 

15,09 

3 

0,6s 

Hams  toff 

46,23 

4 

1,46 

Kalkstickstoff 

20,51 

5 

1,26 

Ammonchlorid 

23,89 

6 

i,8s 

Natronsalpeter 

16,24 

0,96 

0,78 

39,0 

0,98 

0,76 

38,0 

1,03 

0,62 

31,0 

1,00 

0,55 

22,5 

0,98 

0,65 

32,5 

1,07 

0,79 

39,5 

Bei  der  Zugabe  der  Stickstoffdiingesalze  erscfaien  es  zweckmafiig,  den  Kompost 
nochmals  anzufeuchten,  zugleidi  um  die  Dungesalze  rascher  aufzuldsen.  Jeder 
Haufen  erhielt  hierbei  12  1  Wasser.  Sie  blieben  nun  bis  zum  Juli  liegen  und  wu^ 
den  dann  fiir  Untersuchungen  und  Vegetadonsversuche  verbraucht.  Bis  zum  Juli 
war  der  Schwund  weiter  fortgeschritten.  Dies  moge  die  folgende  Aufstellung 
zeigen : 

Kompost  Der  Inhalt  betrug  */•  des  Ausgangs- 

am  19.  5  am  13.  7.  volumens 

cbm 

1  ohne  Zusatz 

2  Kalkammoniak 

3  Harnstoff 

4  Kalkstickstoff 

5  Ammonchlorid 

6  Natronsalpeter 

Der  Kalkstickstoffkompost  war  am  starksten  zusammengesackt,  ihm  folgten  die 
Komposte  mit  Harnstoff  und  Ammonchlorid. 


n.  Unlenudumgeii  an  den  Komposten 

1.  Phy sikalische  Bef unde 

a)  Erwarmung 

Die  Erwarmung  eines  Kompostes  ist  ein  wichtiges  Kennzeicfaen  fur  die  Intensitat 
gewisser  Umsetzungsvorgange.  Da  bis  zum  Sdckstoffzusatz,  also  von  Dezembei 
bis  Mai,  alle  Komposte  gleichmaCig  behandelt  worden  waren,  interessiert  die 
unterschiedliche  Erwarmung  nach  dieser  Zeit  Den  Temperaturverlauf  zeigen 
die  Abbildungen  1  und  2  auf.  Vor  dieser  Zeit  sdeg  im  Dezember  die  Temperatuc 
von  6°  beim  Ansetzen  auf  19^,  um  dann  rasch  wieder  abzuf alien,  schliefilidi  bis 
auf  3°.  Nach  dem  1.  Umsetzen  im  Februar  gab  es  einen  emeuten  Anstieg  auf  6°. 
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setzen  im  Mai  war  -  durdi  die  Aufientemperaturen  bedingt  -  die  Temperatur  auf 
12°  angestiegen.  Der  weitere  Verlauf  nach  dem  2.  Umsetzen  und  den  Stickstoff- 
zugaben  ist  aus  den  graphisdien  Darstellungen  Abb.  1  und  2  ersichtlidi.  Die 
Temperaturunterschiede  waren  bei  den  verschiedenen  Sticksto£F2usatzen  gering. 
Allein  der  Hamstoffkompost  zeigte  ein  standiges  geringes  Zuriickbleiben  um  etwa 
0,5  bis  1,0°  C.  Aber  auch  das  ist  als  unbedeutend  zu  werten. 


ia 


Kompos1 1  unbehafuMl 


—   Kompost  2  Kalkammoniak 
>-   Komposi  3  HamsfoH 
••    Kompoti  4  KalkslidcslofC 


20.5. 


31.5. 


10.6. 


20.6. 


t7 


Abbildimg  z 

Temperaturverlauf  vom  zweiten  Umsetzen  bis  zur  Verwendung 


117.39 


la 


'^w-'' 


Kompost  1  unbohandoll 
KomposI  5  Ammondtlortd 
Komoosl  6  Nttlronsalpolor 


20.5. 


315. 


t7 


11.7.39 


10.6.  2a6. 

Abbildung  a 
Temperaturverlauf  vom  zweiten  Umsetzen  bis  zur  Verwendung 

b)  Strukturmessungen 

Die  Ergebnisse  der  Strukturmessungen  nach  v,  Nitzscb  waren  bezogen  auf  100  ccm 
Kompost  in  natiirlicher  Lagerung  folgende: 
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xvuiiipusic 

i 

immoniak 

stoff 

stickstoff 

chlorid 

sal  peter 

Frischgewicht  in  g 

120,7 
±      2,8 

115,6 

±     2,9 

125,7 

±     5,7 

127,7 
±11,8 

1 14.5 
=t     1,2 

121,1 
±   0,9 

Trockengewicht  in  g 

8i,6 
^     3,0 

75,3 
±    0,8 

85,0 
*     4,8 

84,6 
±  13,9 

68,8 
*     0,3 

82,5 
±    0,8 

Wassergehalt  in  g 
je  100  ccm  =  Vol.Vo 

39,1 
±     1,3 

40,4 
*    3,7 

40,6 
±     0,9 

43,0 
±    2,5 

45,7 
=*^      1.6 

38.6 
±    1,6 

Wassergehalt  in  Ge- 
wichtsprozentcn  der 
Frischsubstanz 

32,5 
±     1,3 

34,9 
±    2,3 

32,4 
±    0,8 

34,5 

±    4,4 

39,9 
±      1,5 

31,9 
*    1,1 

Reines  Bodenvolumen 
-f  Wasser  in  ccm 

71,0 
±      1,3 

69,5 
±    3,7 

73,2 
*     2,7 

75,5 
±    3,4 

73,5 
±      1,7 

70,6 
±    1,7 

Reines  Bodenvolumen 
in  ccm 

31,9 
±      1,1 

29,2 
±      0,1 

32,6 
±     1,7 

32,4 
±    5,6 

27,7 

±      0,2 

32,0 
±    0,4 

Wasserkapazitat 

6o,o 

^       1,2 

62,6 
±     2,3 

61,2 
±     1,2 

60,6 
±    4.5 

63,7 
±       1,2 

61/) 
±    M 

Luftgehalt 
Volumen  •/• 

29,1 

±     1,5 

30,5 
*    3,7 

26,8 
±     2,7 

24,5 
=t    3,4 

±    26,5 

±     1,7 

*29,4 
±    1,7 

Porenvolumen 

68,1 
±      1,3 

70,5 
^    0,1 

66,8 
±     1,8 

67,0 
±    5,0 

72,3 
*     0,4 

67,8 

±     0,2 

Spezifisches  Gewicht 

2,55 

±      0,02 

2,56 

±     0,02 

2,56 
±    0,01 

2,55 
±    0,03 

2,48 
^     0,04 

2,56 

±   o/)8 

Die  Unterschiede  sind  nicht  sehr  erheblich;  doch  lassen  sic  eine  gewisse  Deutung 
im  Verein  mit  den  unterscfaiedllchen  Schnimpfungen  der  Komposthaufen  zu.  Wir 
erkennen  zunachst  eine  gewisse  Beziehung  zwischen  dem  Schrumpfmafi  der  Kom- 
posthaufen, wie  dies  aus  dem  Diagramm  (Abb.  3)  zu  erkennen  ist.  Luftgehalt  in 
den  Haufen  und  Haufengrofie  gehen  danacfa  parallel.  Aber  der  Schwund  des 
Volumens  der  Haufen  lafit  sicfa  nicht  allein  aus  der  festeren  Lagerung  erklaren. 
Vielmehr  muG  auch  noch  ein  Substanzverlust  aufgetreten  sein.  Dies  zeigt  der 
folgende  Zahlenvergleich: 


Kompost 

N-Form            H 

aufengrofie 

Trockenmasse 

Trockengew. 

Substanz- 

Nr. 

am  13.  7. 

je 

100  ccm 

je  Haufen 

verlust 

cbm 

in  g 

in  kg 

durch  die 
N-Zugabc 

I 

__ 

0,78 

81,6 

636 

— 

2 

Kalkammoniak 

0,76 

75,3 

572 

IO»/t 

3 

Harnstoff 

0,62 

85,0 

527 

I7V. 

4 

Kalkstickstoff 

0,55 

84,6 

465 

27*1* 

5 

Ammonchlorid 

0,65 

68,8 

347 

4S»/t 

6 

Xatronsalpeter 

0,79 

82,5 

652 

Hiernach  mu6  der  unterschiedliche  Schwund  der  Haufen  auch  auf  untersdiiedlichc 
Substanzverluste  (Zersetzung)  zufolge  der  N-Zugabe  zuruckzufuhren  sdn.  Salpeter* 
zusatz  bewirkte  hiernach  keine  verstarkte  Umsetzung,  wahrend  dies  in  stdgeadeiD 
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Abbi  Idling  3 

Die  Schrumpfung  der  Komposthaufen 

zeigt    cine    gewisse    Beziehung    zum 

Luftgehalt  in  dem  Haufen 

tnit  Ammonchlorid  und  4  mit  Harnstoll'  erwas 

deutung  diirftc  dcr  untcrsdiiedlichcn  Krumelgrd&e  kaum  beizumessen 


Malic  bci  Zusatz  von  N  als  Kalk- 
ammoiiiak,  als  HamstoH,  als  Kalk- 
stickscoff  und  als  Ammonchlorid  dcr 
Fall  war.  Die  Untecsdiiedc  sind  redit 
beaditlidt. 


c)  Kriimclgrofien 
Die  Veiteilung  der  KiiimelgcdGen  in 
den  Komposten  wurde  crmittelt  durdi 
ScliiJtteIn  in  eincm  Sdiiittelapparat 
mit  gestaffelten  Slcbcinsatzen  in  den 
Gidfien  von  0,3  cm,  0,7  cm,  1,0  cm, 
2,0  cm  und  5  cm  Durchmesser  (4). 
Die  Abbildungen  4  a  und  b  geben 
iibcr  die  Veiteilung  der  Krumel- 
groBen  AufschluB.  Die  Untersdiiede 
sind  gcringfiigig;  Kompost  1  ohnc 
Zu.satz  hatte  anscheinetid  etwas  mcht 
feinkornige  Bestandteile,  Kompost  5 
lehr  grobkornige.  Erheblidie  Be- 


Abbildung  4a 
Verteilung  der  KTiimelKroBen 


AbbildunK  4b 
eilung  der  KrumelgroBen 


d)  Die  Festigkcit  der  Haufen 
Die  Fesdgkeit  der  Haufen  wurde  mit  Hilfe  des  Klausenscben  Fallapparates  ge- 
priift.  Die  Tiefe  des  Eindringens  in  die  Komposthaufen  war  im  Mittel  folgende: 


Kompost  1  Ohne  Zusatz  12,93  cm 

2  Kalkammoniak        11,85  cm 

3  Hamstoff  12,42  cm 
Audi  hicr  sind  die  Unterschiede  sehr  klein  u 


4  Kalkstickstoti  13,50  <: 

5  Ammonchlorid  12,40  c 

6  Natronsalpeter         12,79  c 
id  bleiben  im  Rah  men  der  iJblichen 


Sdiwankungen.  Allenfalls  der  Kalkammoniakkompost  ist  durch  ecwas  groBerc 
Fesdgkeit  ausgezeidinet  Es  war  dies  jcner  Kompost,  der  nach  den  Struktur- 
messungen  nadi  v.  Nitztch  den  hodisten  Luftgehalt  (303  Voi.%)  aufwies. 


a;  iXKienreaKnon 

Die  pH-Werte  der  Komposte  wurden  am  27.  Juli  und  am  24.  Novemba 
elektrometrisdi  in  Wasser  und  in  KCl  ermittelt.  Es  wurden  folgende  Werte  »^ 
jFunden 


Kompost 

am 

27.  7. 

am 

24.  II. 

in  HO 

2 

in  KCl 

in  H^O 

in  KCl 

I  Ohne  Zusatz 

7,48 

7,15 

7,60 

7,57 

2  Kalkammoniak 

7,14 

6,95 

7,45 

7,17 

3  Harnstofi 

7,14 

6,97 

7,56 

7,20 

4  Kalkstickstoff 

7,48 

7,08 

7,57 

7,39 

5  Ammonchlorid 

6,59 

6,31 

lai 

6,99 

6  Natroiisalpeter 

7,67 

7,49 

7,43 

7.58 

Deutiidi  niedriger  mit  den  Reaktionszahlen  als  die  iibrigen  war  an  beiden  Stidi- 
tagen  Kompost  5  mit  dem  Ammonchlorid.  Ihm  folgten  bei  der  Juliuntersudiung 
die  Komposte  2  und  3  mit  Kalkammoniak  und  HamstofT.  Kalkstickstoffzusatz 
hat  den  pH-Wert  gegeniiber  dem  unbehandelten  Kompost  prakdsdi  nidit  ver- 
sdioben,  Natronsalpeter  ihn  ein  wenig  erhoht.  Die  Ergebnisse  decken  sich  ziemlidi 
mit  den  bekannten  Eigensdiaften  der  Sdckstoffsalze  hinsichtlich  ihrer  physiolo- 
gischen  Reaktion.  Erklarlicherweise  sind  die  Unterschiede  bei  der  2.  Untersudiuog 
(im  November)  ausgeglidien.  Samtlidie  Reaktionswerte  konnen  als  etwa  gleidi 
giinstig  ansprodien  werden. 

b)  Kohlensaurer  Kajk 

Die  Untersuchung  auf  CaCO.^  erfolgte  nadi  Scbeibler,  Die  Ergebnisse  sind  in  der 
folgenden  Tabelle  zusammengestellt: 


Kompost 

•/o  CaCO, 

I  Ohne  Zusatz 

1,48  ±  0,09 

2  Kalkammoniak 

1,08  ±  0,07 

3  Harnstoff 

1,00  ±  0^02 

4  Kalkstickstoff 

1,82  ±  0,36 

5  Ammonchlorid 

0,87  ±  0,23 

6  Natronsalpeter 

1,30  *  0,07 

Eine  dcutlich  positive  Beeinflussung  des  CaCO^-Gehaltes  liegt  erklarlicherweise 
durdi  die  Kalkstickstoffzugabe  vor,  wahrend  offenbar  vor  allem  Ammonchlorid 
den  kohlensauren  Kalk  in  andere  Verbtndungen  iibergefiihrt  hat.  Der  nach  Scbe^ 
ler  ermittelte  CaCO.^-Gehalt  zeigt  eine  gcwisse  Parallele  zu  den  im  Juli  bestimm- 
ten  pH-Werten  in  HgO,  wie  sdion  ein  fliichtiger  Zahlenvergleich  erkennen  lafit. 

c)  Rottegrad 

Der  Rottegrad  wurde  nach  Glatbe  bestimmt  als  das  Verhaltnis  der  im  Per- 
hydrol  zersetzlichen  2ur  gesamten  organischen  Substanz. 
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Kompost 

Gesamte  organ. 

Durch  H,0, 

Rottegrad 

Substanz 

zersetzbar 

I  Ohnc  Zusatz 

ii,i3*/«  ±  0,29 

5,43  ^  0,21 

48,8  •/• 

2  Kalkammoniak 

9,85  Vo^  0,41 

5,01  ±  0,20 

50,8  •/• 

3  Harnstoff 

9,78  Vo  ±  0,64 

4,55  *  0,33 

46,5  •/• 

4  Kalksticksto£E 

9.91  Vo  ±  0,06 

5,47  *  0,23 

55,2  Vo 

5  Ammonchlorid 

10,29  Vo  ±  0,22 

5,76  ±  0,22 

56,0  Vo 

6  Natronsalpeter 

10,20  •/•  *  0,10 

4,89  *  0,14 

47,9  Vt 

Der  Gesamtgehalt  an  organischer  Substanz  ist  in  dem  Kompost  ohne  Zusatze 
aufierhalb  des  Versuchsfehlers  hoher  als  bei  den  ubrigen  Komposten,  die  sidi 
untereinander  nur  ganz  wenig  unterscheiden.  Durch  Zusatz  der  Sdckstoffdunger 
am  den  Komposten  wurde  anscheinend  eine  Mineralisierung  eingeleitet  Die 
Untersdiiede  in  der  leidit  zersetzlichen  organischen  Substanz  ergaben  auffallend 
niedrige  Werte  fur  den  Harnstoff-  und  den  Natronsalpeterkompost.  Die  anderen 
Komposte  liegen  bei  Beriicksichtigung  der  Schwankungen  mit  dem  unbehandelten 
auf  giddier  Hohe.  Der  „Rottegrad"  zeigt  auffallend  hohe  Werte  fiir  die  Kom- 
poste mit  Ammonchlorid  und  mit  Kalksdckstoff.  Dies  deckt  sich  weitgehend  mit 
den  Befunden  uber  die  Substanzverluste.  Hohe  Substanzverluste  fallen  hiernadi 
mit  hohen  Rottegraden  zusammen.  Dies  Ergebnis  mag  zugleich  eine  gewisse 
Reditfertigung  fur  die  Methode  Glatbe  sein. 

d)  Stickstoff 

Der  Gesamtstickstoff  wurde  am  2.  September  ermittelt.  Da  die  zugegebene  Menge 
bekannt  ist  und  auf  die  Kompostmenge  bezogen  werden  kann,  besteht  die  Mog- 
lidikeit,  etwaige  Verluste  zu  uberpriifen. 


Gesamt-N 

Soll-Gehalt 

Nr. 

Kompost 

gefunden 
mg  •/• 

Gesamt-N 

mg  •/• 

Differcnz 

I 

0 

155 

155 

- 

2 

Kalkammoniak 

192 

189 

-f     3 

3 

Harnstoff 

161 

194 

—  33 

4 

Kalkstickstoff 

188 

198 

—  10 

5 

Ammonchlorid 

219 

195 

+  24 

6 

Natronsalpeter 

161 

186 

—  ^5 

Nennenswerte  negative  Abweichungen  sind  nur  beim  Harnstoff-  und  Natron- 
;  salpeterkompost  vorhanden.  Wahrscheinlidi  diirfte  es  sich  um  Auswaschungsver- 
I  luste  handeln.  Die  anderen  Differenzen  sind  unbedeutend.  Im  Mittel  aller  Kom- 
poste konnen  von  den  hineingegebenen  Stickstoffmengen  etwa  20  %  als  verloren- 
gegangen  und  80  %  in  der  Analyse  als  wiedergefunden  betrachtet  werden. 

\  Zum  gleidien  Termin  wurde  der  wasserlosliche  Stickstoff  bestimmt.  Er  moge  ver- 
I  glichen  werden  mit  den  in  die  Komposte  gegebenen  Stickstoffdiingermengen  (S.448}. 

I  Im  Mittel  aller  mit  Sdckstoffdunger  versorgten  Komposte  wurden  36  %  als 
wasserlosiidier  Stickstoff  wiedergefunden.  Grob  betrachtet  ist  also  im  Mittel  fol- 
gende  Bilanz  fur  die  in  die  Komposte  gegebene  Stickstoffmenge  aufzustellen : 


davon  in  Verlust  geraten,  20 

wasserlosiich  vorhanden,  36 

wasserunloslich  vorhanden  44 


wasserldsl.  •/•  der  gegebenen 

Nr.         Kompost  N  mg  •/•  gefund.       Differenz  Dungermengeo 


10  7  —  — 

2  Kalkammoniak  22  15  44*/« 

3  Harnstoff  20  13  34*/« 

4  Kalkstickstoff  23  16  36V« 

5  Ammonchlorid  18  11  28*/t 

6  Natronsalpeter  20  13  ^2*!% 

Grofiere  wasserlosliche  N-Mengcn   enthlelten   der   Kalkammoniakkompost  uod 
der  Natronsalpeterkompost,  geringere  der  Ammonchloridkompost. 
Zu  einem  spateren  Termin  (im  November)  wurde  nocfa  der  Nitratstickstoffg^alt 
ermittelt.  Er  ist  in  der  foigenden  Tabeile  zusammengesteilt: 

Kompost  NO  J  —  N  in  mg  •/• 


Unbehandelt  95-17 

Kalkammoniak  80  ^  12 

Harnstoff  66  ±    7 

4  Kalkstickstoff  63  ^    4 

5  Ammonchlorid  96  ±    8 

6  Natronsalpeter  69  ±    o 


1 
2 

3 


Da  diese  Untersuchung  zu  einem  anderen  Zeitpunkt  erfolgte  als  die  auf  G^ 
samt-N  und  wasserlosiichem  N,  sind  sie  mit  ietzteren  audi  nicht  direkt  vergleidi- 
bar.  AUe  Werte  lagen  mit  denen  beim  ungediingten  Kompost  im  Rahmen  der 
Schwankungen  auf  gieicher  Hohe.  Im  iibrigen  sind  sie  aligemein  redit  hoch. 

c)  Phosphorsaure 

Die  Bestimmung  erfolgte  kolorimetrisdi  nach  der  Laktatmethode  von  Egntr, 
wiederum  in  mg  %. 

Kompost  laktatlosliche  PfOs  mg  •/• 

1  Ohne  Zusatz  120  ^    2 

2  Kalkammoniak  iio^    5 

3  Harnstoff  137  ±    2 

4  Kalkstickstoff  117  ±    2 

5  Ammonchlorid  85  *  10 

6  Natronsalpeter  108  ±  14 


Alle  Werte  iiegen  aufierordentlich  hoch.  Die  Unterschiede  zeigen  einige  unmoti' 
vierte  Schwankungen,  deren  Deutung  schlecht  moglich  ist. 
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Sdiliefilich  seien  nocfa  die  Ecgebnisse  der  Untersudiung  auf  das  in  Ammonzitrat 
austausdifahige  Kali  aufgefuhrt.  Die  Angaben  bcziehen  sicfa  ebcnfalls  auf  mg  %. 


Kompost 


1  Ohne  Zusatz 

2  Kalkammoniak 

3  Harnstoff 

4  Kalksticksto£F 

5  Ammonchlorid 

6  Natronsalpeter 


ms  */•  KjO  austauschfahig 


174  ±  12 

l60  i  12 
129  i  ? 
143  *  3 
137  -  5 
143  ^  3 


Audi  diese  Werte  liegen  anschnlidi  hodi.  Vor  ailem  tritt  der  Kompost  ohne 
Zusatz  hervor,  neben  ihm  nodi  der  mit  Kalkammoniak  gedungte.  Moglidierweise 
ist  durdi  die  Ammon-  bzw.  Natriumverbindungen  das  Kali  ausgetausdit  worden 
und  zum  Teil  der  Auswasdiung  anheimgefailen,  so  bei  den  Komposten  3  bis  6. 

3.  Bioiogische  Uberprufungen 

a)  Zeliulosezersetzende  Kraft 

Wir  untersuditen  nadi  dem  bewahrten  Vcrfahren  von  Cbrestensen  (1)  und  stellten 
ansdiliefiend  die  ge^^'onnenen  Zahlreihen  der  besseren  Ubersiditlidikeit  halber 
graphisdi  dar.  Auf  die  Wiedergabe  der  Zahlentabeile  darf  daher  an  dieser  Steile 
wohi  verziditet  werden.  Es  sei  auf  die  Abbiidungen  5a  und  b  hingewiesen.  Allen 
Komposten  voran  in  der  Intensitat  der  Zersetzung  war  zur  Zeit  der  Untersudiung 
(Juli)  der  Harnstoffkompost.  Einen  Vorsprung  hatte  audi  der  mit  Kalkstidutoff 
und  mit  Natronsalpeter.  Dagegen  war  der  mit  Ammondilorid  versetzte  Kompost 
deutlidi  im  Rudcstande.  Eine  Deutung  dieser  Ergebnisse  ist  nidit  einfadi,  wcil  ein 
Zurudcbleiben  in  der  Zersetzung  durdi  eine  Hemmung  bedingt  sein  kann»  anderer- 
seits  aber  audi  durdi  ein  Abklingen  ciner  sdion  abgelaufenen  Zersetzung. 


loot 


loot 


Kompoiil  unb«hand«ll 


Kompost  3  Harniloll 
Kompoit  4 


SO 


Tagonadi  daroAiiMlnn 


20 


2S 


T  '   f      » 


!J.AW^ 


Kompoti  1  unbehandeli 
Kompost  S  Ammondilorid 
Kompost  6  Nalronsalpotei 


Abbildung  sa 

Zellulosezersetzung 


10  IS  20 

Taoe  n^^  dem  Anselzen 

Abbildung  5  b 
ZellulosezersetzuiiK 


2S 


i>)  Katalase 


Oie  katalytische  Kraft  der  Komposte  wurde  an  3  g  Frisdikompost  in 
10  ccm  H^Oj  bei  5  Minuten  Einwirkungsdauer  bestimmt. 


2  is^aiKammoniaK 

3  Harnstoff 

4  Kalkstickstoff 

5  Ammonchlorid 

6  Natronsalpeter 


32,2  ^  0,5 
29,2  ±  2,5 

30,6  *  1,6 
36.6  ±  1,6 
31,3  *  0,9 


Die  Zahlen  liegen  praktisdi  auf  gleicher  Hohe,  nur  der  Ammondiloridkompoft 
zeigt  einen  etwas  erhohten  Wert.  Es  ist  moglich,  dafi  dies  Ergebnis  auf  den  eia 
wenig  niedrigeren  Reaktionswert  zuruckzufuhren  ist 

4.  Visuelle  Beobachtungen 

a)  Unkrautwuchs 

Erklarlicherweise  zeigte  der  Unkrautwuchs  nur  geringfugige  Untersdiiede  auf  den 
versdiieden  behandelten  Haufen.  Der  Hamstoffkompost  zeidinete  sidi  duidi 
einen  etwas  starkeren  Bestand  vor  den  ubrigen  Haufen  aus,  wahrend  der  Ammoo' 
chloridkompost  einen  etwas  spariicheren  Unkrautwuchs  zeigte. 

b)  Aussehen  und  Geruch 

Mitte  Juii  wurden  die  Komposte  nach  ihrem  Aussehen  bewertet  Die  Methode 
veroffentlichte  ich  kiirzlich  im  Rahmen  anderweitiger  Kompostversucfae  (4).  Es 
sei  an  dieser  Stelle  darauf  hingewiesen.  Die  Methode  und  die  Bedeutung  der  is 
der  folgenden  Tabeile  zusammengestellten  Kennziffem  brauchen  sicfa  daher  hier 
nicht  zu  wiederholen. 

Die  Ergebnisse  sind  in  der  folgenden  Tabeile  zusammengestellt. 

Die  Beurteilung  der  Komposte  nach  Kennziffem. 


I                  2 

3 

4 

5 

6 

ohne          Kalk- 

Harn- 

Kalk- 

Ammon- 

Natron- 

Zusatz    ammoniak 

stoff 

stickstoff 

chlorid 

salpeter 

Farbe 

braun  bis    braun  bis 
dklbraun     dklbraun 

dklbraun 

dklbraun 

dklbraun 

dklbraun 

Geruch 

2,83  ±  0,17  3,0  ±  0 

3,0  ±  0 

2,5  ^  0,5* 

2,75  ±  0,25  3,0  ±  0          1 

Feuchtigkeit 

3,0  ±0         3,0  ±  0 

3,0  ±0 

3,0  ±0 

3/)±o 

3,0  *  0 

Zersetzung 

3,83  ±0,17  4,0  ±0 

4,0  ±0 

3,85  ±  0,1 

53,75  ±  0,25  3,75  *  0,25 

Lockerheit 

3,67  ±  0,08  3,75  ±  0,25 

3,75  ±  0,25  4,00  ±  0,5 

3,75  ±  0,25  3,75  ±  0,25 

Sichtbarkeit 

der  Schichten 

2,92  ±  0,08  3,0  ±  0 

3,0  ±0 

3,0  ±  0 

3,0  ±0 

3,0  ±0 

VViderstand 

gegen  Spaten 

2,78  ±  0,22  2,35  ±  0,35 

2,75  ^  0,25  2,5  *  0,5 

2,5  ±  0,5 

2,5  *  0,5 

Zerfallcn 

■ 

beim  Zerreiben 

3,92  ±  0,08  4,0  i  0 

4,0  ±0 

4,0^0 

4,0  ±  0 

3.75  *  0,25 

Eignung  zur 

mittel          gut 

gut 

mittel 

mittel 

mittel 

Felddtingung 

bis  gut 

bis  gut 

bis  gut 

bis  gut 

Eignung  zur 

Topfpflanzen- 

n  0  c  h  z  u  w 

cnig  zcrsetzt 

erde 

Gesamturteil 

3,6  ±  o,()8     4»5  *  0,5 

4,0  ±0 

4,0  ±0 

4,0  ±  0 

3,8  ±  0,25 

*  dcutlicher  Kalkstickstoffgcruch 
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^unacnst  ist  daraut  ninzuweisen,  aao  aie  ^ersetzung  aiigemein  nocn  nicnc  voiiig 
beendet  war.  Die  einzelnen  Telle  waren  nocfa  am  wenig  zerfallen.  Die  Untersdiiede 
zwisdien  den  einzelnen  Komposten  waren  redit  gering.  Keinesfalls  war  die  Zer- 
setzung  durch  Stickstoffzusatz  gegenuber  dem  unbehandelten  Kompost  -  dem 
Augenmafie  nach  zu  beurteilen  -  besser.  Vielmehr  hot  der  Kompost  ohne  Zusatz 
bei  der  Bearbeitung  dem  Spaten  etwas  geringeren  Widerstand.  Die  schlechteste 
Gesamtbeurteilung  nach  dem  aufierlichen  Bild  erhielt  Kompost  2  mit  Kalk- 
ammoniakzusatz.  Dodi  handelte  es  sich  audi  hier  nur  um  geringfugige,  keines- 
wegs  gesidierte  Untersdiiede. 

5.  Gefafiversuche 

a)  Erfassung  der  physiologisdien  StidcstoSwirkung. 

Die  physiologisdie  Stidcstoffanalyse  wurde  in  den  ublidien  Mitsdierlidi-Gefafien 
durdigefuhrt.  Als  Boden  diente  ein  Gemisdi  von  Lausitzer  Quarzsand  mit  3*/« 
TorfmuU.  Jedes  Gefafi  wurde  mit  5,82  kg  Sand  und  0,18  kg  Torf,  zusammen  also 
6,0  kg  Bodengemisdi  besdiidct.  Als  Grunddungung  wurden  jedem  Gef&fi 

1  g  K^O  als  Kaliumsulfat 

1  g  P20^  als  Monokalziumphosphat 

3,5  g  CaCOjj 

0,2  g  MgO  ' 

0,3  g  NaCl 

0,05  FeCl.^ 
gegeben. 

Um  die  Sddcstoffwirkung  quantitativ  zu  erfassen,  wurden  zunadist  Versudie  ohnc 
Kompost,  allein  in  dem  erwahnten  Kunstboden  mit  steigenden  Stidcstoffgaben 
durdigefuhrt  Der  Stidcstoff  wurde  in  Form  von  Ammoniak  gegeben.  Die  Mengen 
sind  aus  der  Ertragstabelle  ersiditlidi.  Das  Ansetzen  der  Gefafie  erfolgte  vom 
20.  bis  26.  Juli  mit  4  Parallelen.  N  und  K^O  wurden  hierbei  in  der  Halfte  der 
gepianten  Menge  gegeben.  Die  andere  Halfte  folgte  als  Kopfdiingung  am  16.  Au- 
gust. Am  27.  Juli  wurden  die  Gefafie  mit  Spinat  der  Sorte  ^Matador"  bestellt.  Die 
Emte  erfolgte  Mitte  September.  Die  Stidcstoffreihe  bradite  folgende  Ertrage: 


F 

r  i  s  c  h 

e  r  t  r  a  g 

Ti 

rockenertrag 

K  N/Gefafi 

g  /GefaB 

±  m 

berechn. 

Ertr. 

g/GefaB 

±  m 

berechn.  Ertr. 

o 

3,5 

M 

4,0 

0,6 

0,1 

0,6 

0,15 

34»2 

0,8 

31,5 

5,5 

0,5 

4,7 

0,30 

43,1 

2,4 

54,6 

6,6 

0,6 

8,1 

o,6o 

8o,4 

3,3 

88,2 

13,2 

0,5 

12,9 

1,0 

128,7 

7,5 

128,7 

1 6,9 

0,4 

1 6,9 

Die  Ergebnisse  wurden  nadi  der  Ertragsformel  Mitscberlichs  durdigeredinet.  Die 
„bcredineten"  Werte  ergaben  sidi  aus  der  Formel:  y  =  A  (1-10  "  *  <«  +  *>)).  Hierin 
bedeuten : 

y  =  den  Ertrag,  der  mit 

X  =  der  Menge  des  betr.  Wadistumsfaktors  erzielt  wurde. 

A  ist  der  mit  dem  Wadistumsfaktor  erzielbarc  Hodistertrag, 

c  der  Wirkungswert  des  Wadistumsfaktors  und 

b  die  im  Boden  vorhanden  gewesene  Menge  des  Wadistumsfaktors. 
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irisch 


trocken 


c  fiir  I  g  N  je  qm 
b  in  K  N  je  GefiiB 


210  s 

0,01265 
0,017  g 


22  g 
0,0195 
0,015  g 


Zu  gleicher  Zeit  wurden  in  demselben  Boden  Stickstoffmangclversudie  duidige- 
(uhrt,  wobei  jedes  Gefafi  jcdoch  zusatzlich  noch  200  g  Komposterde  erhielt  Die 
Komposte  wurden  somit  11  Wochen  nach  dem  erfoigten  N-Zusatz  verwendet  In 
den  „Volldungungsgefa6en"  wurde  die  N-Gabe  je  Gefafi  mit  1  g  bemessen.  Die 
Ergebnisse  dieser  Gefafiversuche  sind  in  der  folgenden  Tabelle  zusammcngefaik: 

Frischgewichte 


Kompost 

mineral. 
Dtingimg 

Ertrag  in  g 
je  GefaB 

mittl. 
Fchlcr 

•/t  von  NPK 

I     ohne  Zusatz 

PK 
NPK 

15,2 
153,4 

±4,3 
*8,i 

9,9  •/§ 
100,0  •/§ 

2     Kalkammoniak 

PK 
NPK 

16,8 
146,2 

±0,4 
*o,7 

ii,5«/t 
100,0  •/§ 

3    Harnstoff 

PK 
NPK 

18,8 
158,1 

±  1,6 
±  2,2 

ii,9V« 
100,0  •/• 

4     Kalkstickstoff 

PK 
NPK 

17.5 
128,2 

±0,8 

±  4,2 

i3,6Vt 
100,0  •/§          ' 

5     Ammonchlorid 

PK 
NPK 

14,9 
145,1 

*0,3 
±3,5 

10,3  •/§ 
100,0  •/• 

6     Natronsalpeter 

PK 
NPK 

15,9 
148,9 

±0,6 
±6,5 

10,7  •/• 
100,0  •/• 

Trocken gewich 

tc 

Kompost 

mineral. 
Diingung 

Ertrag  in  g 
je  GefaB 

mittl. 
Fchlcr 

•/•  von  NPK 

I     ohne  Zusatz 

PK 
NPK 

PK 
NPK 

1,98 
21,0 

2,1 
17,7 

±0,5 

±1,2 

9,9  •/• 
100,0  •/• 

2     Kalkammoniak 

±0,1 
±0,9 

±  1,5 
±1,0 

±0,4 
±0,5 

ll,9Vt 
100,0  •/• 

3     Harnstoff 

PK 
NPK 

2,2 

20,1 

10,9  •/• 
100,0  •/• 

4     Kalkstickstoff 

PK 

NPK 

2,7 

19,4 

i3,9*/« 
ioo,oV» 

5     Ammonchlorid 

PK 
NPK 

2,^ 

19,5 

±  0,2 
±1,1 

Il,9*/t 

ioo,oVt 
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Kompost 


mineral. 
Dungung 


6     Natronsalpeter 


PK 
NPK 


Ertrag  in  g 
je  GefaB 


3,0 
19,5 


mittl. 
Fehler 


±0 

±  1,1 


•/•  von  NPK 


i5,4*/» 
100,0  Vo 


Nadi  der  Spinaternte  wurden  sogleich  die  pH-Werte  in  H^O  und  in  KCl  elektro* 
metrisch  ermittelt: 


PK-GefaBe 

NPK-GefaBe 

Kompost 

in  H,0 
6,10 

in  KCl 

in  H,0 
6,32 

in  KCl 

I  ohne  Zusatz 

5,85 

5,63 

2  Kalkammoniak 

6,55 

5,77 

6,37 

5,86 

3  Harnstoi! 

6,51 

5,63 

6,50 

5,62 

4  Kalksticksto£f 

6,37 

6,04 

6,58 

5,78 

5  Ammonchlorid 

6,55 

6,12 

6,58 

6,00 

6  Natronsalpeter 

6,44 

5,95 

6,47 

5,82 

—  ohne  Kompost 

6,24 

5,85 

6,32 

6,10 

Die  GefaBe  mit  N-Komposten  haben  samtlich  etwas  hohere  pH-Werte  als  die  mit 
dem  Kompost  ohne  Stickstoff.  Die  Unterschiede  sind  jedoch  nicht  erheblich.  Audi 
der  Einflufi  des  Kompostzusatzes  zu  der  kunstlidien  Erde  iiberhaupt  ist  nur  gering, 
ein  Zeidien,  dafi  es  gelungen  ist,  die  Dungung  der  Kunsterde  giinstig  zu  gestaiten. 

Die  Ertrage  wurden  nun  rechnerisch  nach  der  Mitscberlicbsdicn  Formulierung 
unter  Anwendung  der  gefundenen  Formeiwerte  (c  und  b)  ausgewertet.  So  ergaben 
sich  im  Mittel  aus  den  Frisch-  und  Trockenertragen  foigende  physioiogisch  wirk- 
same  Stidcstoffmengen  in  den  Komposterden : 


Kompost 


mg  •/•  physioiogisch  wirksame  N-Menge 


1  ohne  Zusatz 

2  Kalkammoniak 

3  Harnstoff 

4  Kalkstlckstoff 

5  Ammonchlorid 

6  Natronsalpeter 


24 
30 
29 
37 
27 
34 


Der  Kalkstickstoffkompost  steht  hier  in  der  Stickstoffwirkung  an  der  Spitze,  ihm 
folgt  der  Kompost  6  mit  Natronsalpeter.  Die  Komposte  2  und  3  mit  Kalkammo* 
niak  und  Hamstoff  haben  fast  gleidiartig  gewirkt,  etwas  schlechter  war  der  Kom- 
post 5  mit  Ammonchlorid.  Die  geringste  Stickstoffwirkung  ist  verstandlicherweisc 
beim  unbehandelten  Kompost  1  aufgetreten. 

Es  moge  nun  ein  Vergleich  angestellt  werden  zwischen  den  physioiogisch  gefun- 
denen  Stickstoffmengen  und  den  jedem  Kompost  beigefiigten  Mengen :  s.  S.  454 
Es  faiit  au(,  dafi  die  relative  Stickstoffverwertung  in  den  Komposten  mit  N- 
Zugabe  besser  gewesen  ist  als  ohne  letztere.  Auch  ist  die  relative  Verwertung  des 
Kalkstickstoffes  am  besten. 
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I 

2 

3 

4 

Kompost 

Soll-Menge 

mg  Vo 

Spalte  3  in  */• 

Ges.  N 

phys 

.  wirks.  N 

der  Spaite  2 

mg  •/• 

I  ohne  Zusatz 

155 

24 

15 

2  Kalkammoniak 

189 

30 

17 

3  Harnstoff 

194 

29 

15 

4  Kalkstickstoff 

200 

37 

19 

5  Ammonchlorid 

195 

14 

6  Natronsalpeter 

r86 

34 

18 

Mittel  2  bis  6 

193 

31 

16, 

Im  Mittel  aller  mit  StickstofI  versorgten  Komposte  betrug  die  N-Gabe  38  mg  %. 
die  Erhohung  der  physiologisch  wirksamen  Stickstoflmenge  durch  diese  N-Zugabe 
aber  7,4  mg  %,  Das  sind  20  %  der  hineingegebenen  Menge.  Wie  wir  aus  den 
Untersuchungen  iiber  den  Gesamt-N-Gehalt  sahen,  ist  aber  schon  ein  Teil  des 
Stickstoffes  wahrend  des  Kompostierungsprozesses  in  Verlust  geraten.  Die  mit  N 
versorgten  Komposte  enthielten  namiich  nur  29  mg  %  N  mehr  als  der  ohne  N- 
Zugabe.  Hiervon  sind  7,4  mg  %  physiologisch  rasch  wirksam  gcworden,  das  siod 
26  %  der  ersteren  Menge.  Vergleichen  wir  dies  Ergebnis  wiederum  mit  dem  irr. 
Laboratorium  gefundenen  wasserloslichen  N,  so  zeigt  sich  folgender  Vergleidi: 


I 
Kompost 

2 

wasserlosl. 
N  mg  '/o 

phy 

3 

5.  wirks. 

mg  "/o 

N 

4 

Spalte  3  in  •  • 

der  Spalte  2 

1  ohne  Zugabe 

2  Kalkammoniak 

3  Harnstoff 

4  Kalkstickstoff 

5  Ammonchlorid 

6  Natronsalpeter 

7 
22 

20 

22 

18 

20 

21 

24 
30 

29 
37 
27 
34 

31 

343 
136 

145 
161 
150 
170 

Mittel  2  bis  6 

148 

AUgcmein  liegen  die  Werte  des  physiologisch  wirksamen  Stickstoffs  hoher  als  die 
des  wasserloslichen.  Ganz  besonders  gilt  das  fiir  den  Kompost  ohne  N-Beigabe. 
Durch  die  Dungesalzbeigabe  in  den  Komposthaufen  wurde  der  wasserlosiichc 
Stidcstoff  um  14  mg  %  gesteigert,  der  an  physiologisch  rasch  wirksamen  StickstoS 
aber  nur  um  7  mg  % ;  das  heifit,  dafi  von  dem  als  wasserloslich  gefundenen  Antdl 
in  den  Komposten  aus  den  Diingesalzen  im  Mittel  nur  rund  50  %  physiologisdi 
rasch  zur  Wirksamkeit  gekommen  sind.  Hoher,  also  giinstiger  liegen  diese  Zahlen 
fiir  Kalkstickstoff  und  auch  fiir  Natronsalpeter,  besonders  niedrig  also  ungiinstig 
fiir  Ammonchlorid. 

b)  Allgcmeine  Diingerwirkung. 

Die  Ertragsleistung  der  Gabe  von  200  g  Kompost  je  Gefafi  mit  Volldiingung 
(NPK)  war  -  gemessen  an  den  IVockenertragen  -  uberall  gleich,  wenn  wir  die 
crmittelten  Schwankungen  in  Betracht  Ziehen. 
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rac  QIC  aiigcmcinc  r^nragsiaiugKcic  act  A.oin- 
poste  in  Gefafien  gepriift.  Jedcs  GefaB  erhich  4,80  kg  rcinen  Kompost  ohne  son- 
sdge  Sand-  odcr  Diingerzugaben.  Icn  iibrigen  gelten  die  gleidicn  Vecsudisdatcn 
wie  fur  die  vorgcnannten  GcfaBversuche.  Die  Enrage  sind  in  der  folgenden  Ta- 
belle  zusaminengestellt. 


Kumpost 

Frischertrag 

Trockenertrag 

I  Ohne  ZusaU 

191.4  i    8.0 

23,7  K  ±  1,3 

2  Kalkanimoniak 

260.4  ±  18,1 

3  HarnstofI 

268,5  ±    6.6 

31.0  K  ±  1,1 

4  Kalkstiekstoff 

244.8  ±  1 7,3 

30.9  g  *  2,3 

5  Am  mo  nch  lor  id 

444."  *    7.1 

4S.S«±  1.6 

6  Natron  sal  peter 

316,3  ±    7.2 

38.3  K  *  0,(1 

Samtlicbc  EnrSge  zeigen  cine  deutiiche  Uberlegenheit  der  Komposte  mit  Stick- 
stof^satzcn.  Dies  war  audi  rein  SuBerlidi  siditbar,  wie  die  Abb.  6  zeigt. 


Abb.  6   Spinatwuchs  in  rein 
GefaB  1240  Kompost  1  ohne  Zusatz         GefaB 
GefiB     108  Kompost  2  Kalkammoniak    GefaB 
GefiB     112  Kompost  3  Harnsloff  GefaB 


m   Kompost 

[i8  Kompost  4  Kalkstiekstoff 
19  Kompost  5  Ammonchlorid 
12  Kompost  6  Natron  sal  peter 


In  der  Ertragsleistung  war  der  Ammonchlorid-Kompost  auffallend  gut,  dann  folgte 
der  Natronsalpeteckompost,  anschlteBend  die  drei  lestlichen,  die  eCwa  gleidie 
Ertrage  braditen.  SelbsC  wenn  man  den  Spinat  als  diloridliebeod  bezeidinen 
kano,  wie  Geissler  nachwies  (2),  so  kann  hieiduich  doch  dei  Mehrertiag  nidit 
bedingt  sein;  denn  die  moglichen  Mehrertrage  sind  nur  geiingfiigig.  Dei  Ammon- 
dilorid kompost  zeigte  die  geiingsCen  Mcngen  an  wasscrloslichcm  StidistofT  wie 
audi  an  physiologisdi  rasch  wirkcndem  SddistofT.  Daher  bcsteht  die  Moglidikeit, 
dafi  hier  der  Sdiadigungsfakcor  noch  nidit  eingetieten  ist,  der  sich  cvti.  bei  anderen 
Komposten  sdion  bemerkbar  gemadit  haben  kann.  Die  Stidcsto0mengen  in  diesem 
GefaBversudi  waren  (olgende: 


Kompost 


i-asserlosl.  X 
R  je  GefaB 


2  Kalkammoniak 

3  Harnsloff 

4  Kalkstiekstoff 


K  je  GefaB  a  je  Gefafi 

5  Ammonchlorid         0,86  1,30 

6  Natronsalpeter         0,96  1,64 

An  physiologisch  rasch  wirksamen  Stickstoff  ist  in  den  Komposten  offenbar  schon 
reichlich  viel  enthalten  gewesen.  Beim  Ammonchlorid  war  die  Menge  aber  am 
geringsten,  die  Schadigungsmoglichkeit  hier  daher  schon  beseitigt.  Im  iibrigen 
stufen  sich  auch  sonst  die  Frischertrage  dieses  Versuches  mit  zunehmendem  Gehalc 
an  physiologisch  wirksamen  StickstofT  ab;  nur  der  Natronsalpeterkompost  madit 
eine  Ausnahme,  indem  er  einen  recht  annehmbaren  Ertrag  bei  hohem  Gehalt  an 
physiologisch  wirksamen  N  gebracht  hat  Vergleichen  wir  weiter  die  Ertrage  mit  den 
Gehaltszahlen  der  Komposte  an  organischer  Substanz,  so  zeigt  sich  bei  den  beiden 
leistungsfahigsten  Komposten  der  hochste  Humusgehalt.  Hinzu  mag  nodi  kommen, 
dafi  die  beiden  leistungsfahigsten  Komposte  den  geringsten  Wert  an  laktados- 
licher  Phosphorsaure  aufwiesen: 

Kompost  Menge  an  g  laktatlosl. 

PjOg  je  GefaB 


1  Ohne  N-Zusatz  5,8 

2  Kalkammoniak  5,3 

3  Harnstoff  6,6 

4  Kalkstickstoff  5,6 

5  Ammoniakchlorid  4,1 

6  Natronsalpeter  5,2 


Es  ist  denkbar,  daB  die  Uberfiitterung  mit  Phosphaten  ebenfalls  zu  der  Ertrags- 
senkung  der  Komposte  1  bis  4  gegeniiber  5  und  6  gefiihrt  haben  mag^ 
Nadi  erfolgter  Aberntung  wurden  die  Gefafierden  auf  den  Reaktionszustand 
untersucht,  wobei  sich  folgende  Ergebnisse  fanden: 


Kompost 

PH 

in  H,0 

-  -- 

in  KCl 

I  Ohne  N-Zusatz 

7,85 

6,24 

2  Kalkammoniak 

6,49 

6,41 

3  Harnstoff 

6,24 

6,23 

4  Kalkstickstoff 

5,72 

5.63 

5  Ammonchlorid 

6,55 

6,45 

6  Natronsalpeter 

6,36 

6,05 

Es  ist  auffallig,  dafi  der  Wert  pH  in  H2O  des  KalkstickstofHcompostes  am  niedrig* 
sten  liegt,  der  des  ungediingten  Kompostes  am  hochsten,  auch  der  des  Ammon- 
chloridkompostes  relativ  hoch.  Diese  pH-Werte  (HgO)  zeigen  eine  negative  Be- 
wegung  zu  den  Gehalten  an  physiologisch  wirksamem  N.  Da  letzterer  weitgehend 
als  das  Ergebnis  eines  Nitrifikationsprozesses  anzusehen  ist,  so  durfte  dies  Ver- 
halten  erklarlich  sein  (z.  B.  Anhaufung  von  Salpetersaure). 
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Im  Vergleich  zu  den  Gefafiversuchen  wurden  im  August  audi  Feldversuche,  und 
zwar  ebenfalls  zu  Spinat  angelegt.  Vom  Sdckstoffzusatz  bis  zur  Verwendung  des 
Kompostes  waren  hier  15  Wochen  verflossen.  Die  Teilstiicke  wurden  4,5  qm  groB 
gemadit  und  mit  4  Parallelen  angelegt.  Abziiglich  der  Randreihen  betnig  die  Teil- 
stuckgrofie  3,6  qm.  Der  Spinat,  Sorte  „Matador",  wurde  am  22.  August  ausgesat. 
Jedes  Teilstuck  erhielt  18  g  Saatgut  (=40  kg/ha).  Die  Kompostgabe  wurde  mit 
10  kg/qm  bemessen.  Ein  Teilstuck  blieb  volikommen  ungediingt  und  ein  weiteres 
erhielt  den  Kompost  ohne  N-Zusatz,  doch  wurde  eine  aquivalente  N-Menge  als 
Felddungung  gegeben  (71,5  kg  N/ha).  Samtliche  Teilstiicke  erhielten  100  g 
CaCOg/qm  {=  10  dz/ha). 
Die  Spinaternte  brachte  am  9.  Oktober  die  nadistehenden  Ertrage: 


Kompost 

kg  Ertrag 

mittl.  Fehler 

in  Vt  von 
ungediingt 

pH  nach 
der  Ernte 

I  Ohne  Zusatz 

1,97 

±  0,20 

ii7,9Vo 

6,58 

2  Kalkammoniak 

2,11 

±0,05 

126,1  Vo 

5,84 

3  Harnstoff 

2,21 

±0,17 

132,1  •/• 

6,01 

4  Kalkstickstoff 

2,56 

±  0,06 

153,4  Vo 

5,97 

5  Ammonchlorid 

1,72 

±  0,21 

f03,i  V« 

5,92 

6  Natronsalpeter 

1,92 

±  0,12 

ii4,8»/o 

5,91 

7  Kompost  I  ohne  Zusatz 

^ 

4-   N  als  FelddiingunR 

2,15 

±  0,21 

128,9  •/• 

5,82 

8  Ungediingt 

1,67 

±0,15 

lOO.O'/t 

6,63 

Die  Ertrage  waren  normal.  Der  Kalkstickstoffkompost  brachte  z.  B.  einen  Ertrag 
von  70  dz/ha.  Unter  Beriicksichtigun^  der  hier  zum  Teil  recht  groBen  Versuchs- 
fehler  sind  die  Ertrage  (olgendermafien  zu  beurteilen: 

Die  Dijngung  4  ist  iiberlegen  iiber  Diingung  2,  6,  5  und  8, 

die  Diingungen  5,  2  und  7  sind  iiberlegen  iiber  Diingung  8,  und 

die  Diingungen  1,  6,  5,  8  haben  nicht  deutlich  unterschiedlich  gewirkt. 

Kalkstickstoffkompost  (Diingung  4)  hat  also  eindeutig  den  besten  Ertrag  gebracht. 
Hier  hat  die  angewendete  Konzentration  noch  nicht  geschadigt,  wahrend  die  Stick- 
stoffwirkung  gut  zur  Geltung  kam.  Umgekehrt  hat  der  Ammonchloridkompost 
(Diingung  5)  enttauscht,  der  bei  unverdiinnter  Verwendung  im  Gefafi  so  gute 
Ernten  aufwies.  Im  Feldversuch  ist  seine  Wirkung  dem  ungediingten  Kompost 
(Diingung  1)  wie  audi  dem  ungediingten  Teilstiick  (Diingung  8)  etwa  gleich- 
zusetzen.  Dasselbe  gilt  von  dem  Kompost  mit  Natronsalpeter  (Diingung  6).  Eine 
zusatzliche  N-Kopfdungung  zu  dem  Kompost  (Diingung  7)  ohne  N-Zufuhr  hat 
gegeniiber  ungediingt  deutlich  ertragssteigernd  gewirkt. 

Nach  der  Spinaternte  wurde  das  Land  gegraben  und  blieb  in  grober  SchoUe  iiber 
Winter  liegen.  Infolge  lang  anhaltender  stauender  Nasse  war  der  Boden  aller  Teil- 
stiicke im  Friihjahr  gleichmafiig  stark  verschlammt  und  verkrustet,  so  dafi  ein 
abermaliges  Graben  der  Teilstiicke  erforderlich  wurde. 

Zwischen  den  Teilstucken  mit  Kompostdungung  und  soldien  ohne  Kompost  war 
hinsidididi  des  Arbeitsaufwandes  kein  Untersdiied  festzustellen.  Es  erfolgte  keine 
weitere  Kompostgabe  und  zunadist  audi  keine  mineralisdie  Diingung.  Die  saat- 
ferdg  hergeriditeten  Parzellen  wurden  Mitte  Mai  mit  Mohrruben  der  Sorte  „Lange 
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rdhe  5  VenudisreihcD  in  je  25  cm  Abstand.  Die  Rdhcn  waien  3,0  m  lang,  es 
entfielen  also  15  Ifd.  m  Venudurcthen  je  TeilttudL,  fur  die  3»75  g  Saaigut 
( =  10  kg/hst)  verwendet  wurden.  Die  Vemidisflache  oiadite  je  Teilstuck  3,75  qm 
aus.  Nadi  erfolgter  Keimung  wurde  am  16.  Juni  zum  enten  Mai  Unkraut  gqta 
und  gehackt,  und  am  18.  Juni  wurden  zu  dicht  stehende  Pflanzen  veiliackL  Am 
22.  Juli  erhielten  aile  Paizellen  eine  mineraliscfae  Kopfdungung  in  H5he  irao 
5  g  N,  5  g  PjOg  und  8,6  g  K^O  je  qm.  Die  Mohrruben  wurden  in  der  Zcit  vom 
7.  Oktober  bis  2.   November  abgeemtet  Es  wurden  (olgende  Ertzage  eiziek: 


Gesam 

tern 

te 

Kompost 

kg 

±m 

•/t  von  unsedungt 

I  Ohne  Zusatz 

21,94 

±o/)3 

112,5 

2  Kalkammoniak 

20,65 

±  1,03 

105,9 

3  Harnstoff 

20,81 

^0,23 

106,7 

4  Kalkstickstoff 

19.05 

±6,63 

97,7 

5  Ammonchlorid 

18,95 

±  1.36 

97»2 

6  Natronsalpeter 

20,42 

±  0,12 

104,7 

7  Ohne  Zusatz  + 

N* 

20,90 

±0,90 

107,2 

8  Unfredungt  (im 

Vorj.!) 

19,50 

*0,42 

100,0 

*  N  im  Vorjahre  als  Kopfdunguns  zu  Spinat  gegeben. 

Die  Ertrage  sind  ailgemein  redit  hodi.  Der  Kompost  ohne  Zusatz  bradite  auf 
1  ha  umgerechnet  610  dz. 

Die  Ertragsunterschiede  sind  nicht  sehr  grofi.  Die  Emte  bei  dem  Kompost  ohne 
Zusatz  (Dungung  1)  ist  aufierhalb  der  Fehler  hoher  gewesen  als  bei  den  Kom- 
posten  mit  N  in  Form  von  Harnstoff,  Kalkstickstoff ,  Ammonchlorid,  Natzonsalpeter 
(Dungungen  3,  4,  5,  6)  und  hoher  ais  bei  „Ungediingt"  (Dungung  8).  Nur  die 
Dungung  mit  dem  Kalkammoniakkompost  (Dungung  2)  und  die  vorjahrige  N- 
Gabe  zu  dem  unbehandelten  Kompost  (Dungung  7)  waren  im  Rahmen  des  Fehlers 
gieichwertig  mit  dem  unbehandelten  Kompost.  Das  gewisse  Zuruckbleiben  der 
Dungungen  2,  3,  4  und  7  kann  dadurch  erklart  werden,  dafi  diese  Komposte  im 
Vorjahre  Mehrertrage  gebracht  hatten.  Hierdurdi  waren  Nahrstoffe  entzogeo 
worden,  vor  allem  an  P  und  K,  wodurch  im  Nadiwirkungsjahr  die  Leistung  zu- 
nickblieb.  Hieraus  ist  erneut  ersichtlich,  dafi  Mafinahmen,  die  zur  Ertragssteigeruog 
fuhren,  im  darauffolgenden  Jahre  cine  verstarkte  Dungung  erfordem. 


III.  Zusammenfassende  Beurleilimg  der  veracliiedeiien 

Stidutofiormen 

Ausgehend  von  der  Tatsache,  dafi  unsere  im  Gemiisebau  zur  Verwendung  g^ 
langenden  Komposte  ein  fur  Stickstoff  ungiinstiges  Nahrs  toff  verbal  tnis  aufwdsen, 
wurden  Versuche  unternommen,  einen  Wirtsdiaftskompost  mit  300  g  N  je  cbm  in 
verschiedenen  mineralischen  Diingerformen  anzureichem.  Die  gewonnenen  Kom- 
poste wurden  in  chemischer  und  physikalischer  Hinsicht  untersudit,  und  es  wurden 
Gefafi-  und  Feldversudie  durchgefuhrt.  Zusammenfassend  konnen  die  versdiic- 
den  behandelten  Komposte  folgendermafien  charakterisiert  werden: 
Der  Kompost  ohne  Stickstoffzufuhr  (Vergleichskompost)  zeigte  nut 
eine  geringe  Sdirumpfung  und  dementsprediend  einen  gunstigen  Luftgehalt  Des 
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is^omposc  war  acr  vcrnaitnismauig  icinsiKrumciij^c.  i^ic  ivcaKuon  war  icicni  aixa- 
lisch,  der  Kalkgehalt  lag  bei  etwa  1,5  %.  Die  organische  Substanz  war  mit  iiber 
11  %  redit  giinstig.  Der  Rottegrad  (Glathe)  belief  sich  auf  rund  49  %.  An  Gesamt 
N  wurden  155  mg  %  gefunden,  aa  wasscrloslidiem  N  aber  nur  7  mg  % ;  spater 
(im  November)  stieg  der  Wert  auf  95  mg  %  NO  3  -  N  und  lag  damit  auf  gleicher 
Hohe  mit  alien  stickstoffgediingten  Komposten.  Der  Gehalt  an  laktatloslicher 
Phosphorsaure  lag  mit  120  mg  %  sehr  hoch.  Bei  alien  anderen  Versuchskomposten 
gab  es  keine  motivierten  Abweichungen.  Audi  an  austauschfahigem  Kali  wurde 
ein  hoher  Wert  mit  174  mg  %  gefunden.  Visuelle  Unterschiedc  bei  den  verschie- 
denen  Komposten  waren  kaum  vorhanden.  An  physiologisch  rasch  wirksamen 
StickstofF  waren  in  dem  Kompost  24  mg  %  enthalten,  das  waren  15  %  der 
Gesamt-N-Menge  bs^w.  das  3,43fache  der  Menge  an  wasserloslichem  StickstofT. 
Die  Ertragsleistung  von  200  g  Kompost  je  Gefafi  +  NPK  war  bei  alien  Kom- 
posten gleich  gut. 

Der  Kalkammoniakkompost.  Die  Schrumpfung  des  Haufens  war  recht 
gcring  und  die  Lagemng  lodcer  (giinstiger  Luftgehalt).  Der  Substanzverlust  war 
nur  wenig  grofier  als  beim  Vergleichskompost  ohne  N.  Die  Reaktion  war  praktisch 
unverandert,  der  Kalkgehalt  war  leicht  gesenkt.  Der  Humusgehalt  war  etwas  ge- 
ringer  als  beim  Vergleichskompost,  der  Rottegrad  praktisdi  unverandert.  Der 
Gesamt-N-Gehalt  entsprach  der  N-Zugabe.  44  %  davon  wurden  als  wasserlos- 
lidier  Stickstoff  wiedergefunden.  Der  Kaligehalt  entsprach  dem  des  Vergleichs- 
kompostes.  Im  physiologischen  N-Wert  hob  sich  dieser  Kompost  nidit  besonders 
hervor,  AUein  (unverdiinnt)  verwendet  leistete  er  keinen  befriedigenden  Ertrag 
zufolge  einer  allgemein  zu  reichlichen  Nahrstoffanhaufung.  Im  Feldversuch  war 
die  Leistung  dieses  Kompostes  ebenfalls  nicht  ausreidiend. 

Der  Harnstoffkompost.  Der  Haufen  sackte  ziemlich  stark.  In  der  Erwar- 
mung  blieb  er  knapp  um  1°  C  hinter  den  anderen  Haufen  hinterher.  Entsprediend 
der  erwahnten  Senkung  war  der  Luftgehalt  geringer.  Der  Substanzverlust  war 
etwas  grofier  als  beim  Vergleichskompost  (ohne  N).  Die  Reaktion  war  kaum  ver- 
andert,  der  Kalkgehalt  leicht  gesenkt.  Der  Humusgehalt  war  etwas  geringer  als 
beim  Vergleichskompost,  der  Rottegrad  praktisch  der  gleidie.  Von  dem  hinein- 
gegebenen  Stickstoff  war  ein  Teil  versickert.  34  %  vom  hineingegebcnen  Stickstoff 
wurden  als  wasserloslidier  N  wiedergefunden.  Der  Kaligehalt  zeigte  einen  erhcb- 
lich  niedrigeren  Wert  als  beim  Vergleichskompost.  Der  Harnstoffkompost  zeigte 
den  hochsten  Wert  in  der  zellulosezersetzenden  Kraft.  Beziiglich  der  physiolo- 
gischen N-Wirkung  hob  er  sich  nicht  besonders  hervor.  AUein  (unverdiinnt)  be- 
nutzt  war  seine  Leistung  nicht  befrie^igend  zufolge  einer  zu  reichlichen  Nahrstoff- 
anhaufung, aber  audi  im  Feldversuch  war  die  Leistung  nidit  ausreidiend. 

Der  Kalkstickstoffkompost haufen  zeigte  von  alien  Komposten  die 
starkste  Sackung  bzw.  Schrumpfung,  dementsprediend  war  die  Lagemng  ziemlich 
fest  und  der  Luftgehalt  gering.  Der  Substanzverlust  war  merklidi  grof^r  als  beim 
Vergleidiskompost  (ohne  N).  Die  Kriimelung  war  etwas  grober.  Die  Reaktion  war 
unverandert,  der  Kalkgehalt  ein  wenig  gestiegen.  Der  Humusgehalt  war  etwas 
gesunken,  der  Rottegrad  gestiegen.  Der  Gesamt-N-Gehalt  entsprach  annahernd 
der  N-Zugabe.  36  %  davon  wurden  als  wasserloslidier  Stickstoff  wiedergefunden. 
Der  Kaligehalt  blieb  etwas  hinter  dem  Vergleichskompost  zuriick.  Die  zellulose- 
zersetzende  Kraft  lag  etwas  hoher  als  beim  Vergleichskompost.  Der  Kalkstidcstoff- 
kompost  hatte  11  Wodien  nadi  Beimisdien  des  Dungers  nodi  einen  typischen 
Kakstidcstoffgerudi.  Die  physiologisdie  Stickstoffwirkung  war  in  diesem  Kompost 
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aber  merklich  zuruck.  Dies  mufite  auf  eine  Uberhdhung  an  Nahcstoffen  (Scfaadi- 
gungsfaktor)  zunidcgefuhrt  werden.  Im  Feldversuch  brachte  der  Kalksddutoff- 
kompost  zur  Erstfnicht  den  besten  Ertrag  und  uberflugelt  audi  die  Dungung  mit 
dem  Kompost  ohne  N-Zufuhr  aber  mit  aquivalenter  N-Kopfdungung. 

Der  Ammonchlorid zusatz  bewirkte  ein  ziemlidi  starkes  Sacken  der  Kom- 
posthaufen.  Daher  war  audi  der  Luftgehalt  reduziert  Im  Substanzverlust  stand 
dieser  Kompost  an  der  Spitze.  Die  Krumelung  war  etwas  grdber  als  beim  Vcr- 
gleidiskompost  (ohne  N).  Die  Reaktion  war  ein  wenig  ins  leidit  saure  Gebiet  ver- 
sdioben  und  der  Kalkgehalt  (CaCOg)  deutlich  verringert  Der  Humusgehalt  war 
geringfiigig  gesunken,  der  Rottegrad  deudidi  gesdegen.  Der  Gesamt-N-Gehalt 
entspradi  sehr  gut  der  N-Zugabe,  dodi  wurden  nur  28  %  davon  in  wasserloslidier 
Form  wiedergefunden.  Der  Kaligehalt  war  deutlich  niedriger  als  beim  Vergleidis- 
kompost  In  der  zellulosezersetzenden  Kraft  war  der  Ammondiloridkompost  offen- 
siditiidi  im  Riidcstand.  Dagegen  zeigte  dieser  Kompost  den  hddisten  Wert  bei  der 
Katalase.  Die  physiologisdie  N-Wirkung  war  in  diesem  Kompost  am  ungunsdg- 
sten.  Der  Ammondiloridkompost  leistete  unverdunnt  im  Gefafi  den  besten  Ertrag. 
Dies  konnte  jedodi  dadurdi  erklart  werden,  dafi  dieser  Kompost  die  groCten 
NahrstoflFverluste  erlitten  hatte.  Hierdurdi  sind  keine  Sdiaden  durdi  die  zu  staikc 
Anhaufung  von  Nahrstoffen  eingetreten.  So  ist  es  erklarlidi,  dafi  dieser  Kompost 
im  Feldversudi  den  sdileditesten  Ertrag  zur  Erstfrudit  bradite.  Der  gelegentUdien 
Empfehlung,  Ammondilorid  als  Kompostzusatz  zu  verwenden  kann  nadi  alledeoi 
nidit  beigepfliditet  werden ;  dieser  Diinger  hat  im  Gegentei!  redit  ungunsdge  Wif- 
kungen  ausgelost. 

Der  Natronsalpeterkompost  sadcte  am  wenigsten  zusammen  und  zeigte 
eine  lodcere  Lagerung  (hoher  Luftgehalt).  Der  Substanzverlust  glidi  dem  Kompost 
ohne  N-Zugabe.  Die  Reaktion  war  nodi  ein  wenig  erhoht,  der  Kalkgehalt  prak- 
tisdi  unverandert.  Der  Humusgehalt  war  ein  wenig  reduziert,  der  Rottegrad  un- 
verandert.  Der  Gesamt-N-Gehalt  liefi  eine  Versidcerung  eines  Teiles  der  N- 
Zugabe  erkennen.  42  %  des  hineingegebenen  Sddcstoffes  wurden  in  wasserlos- 
lidier Form  wiedergefunden.  Der  Kaligehalt  blieb  etwas  hinter  dem  Vcrglcidw- 
kompost  zuruck.  Die  zellulosezersetzende  Kraft  lag  etwas  hoher  als  beim  Ver- 
gleichskompost.  Die  physiologisdie  N-Wirkung  war  in  diesem  Kompost  redit 
giinstig.  In  unverdiinntem  Zustande  leistete  audi  dieser  Kompost  nocfa  redit  gute 
Ertrage.  Hier  konnte  durdi  den  felativ  hohen  Humusgehalt  die  FuUe  der  Nakr- 
stoffe  offenbar  besser  abgepuffert  werden.  Im  Feldversuch  brachte  der  Natron- 
salpeterkompost aber  keine  besseren  Ertrage  als  der  Kompost  ohne  N-Zufuhr. 
Im  Mittel  aller  N-gediingten  Komposte  war  die  N-Stadk  folgende: 


N  als  Diingesalz  zugegeben  100  % 

davon  N-Verlust  20  % 

N  wasserloslich  vorhanden  36  % 

N  wasserunloslidi  vorhanden  44  % 


N  physiologisdi  rasch  wirksam  20  % 


Laborergebnisse 


Gefafiversuche 


Die  Komposte  mit  N-Zugabe  hoben  nach  der  Vegetation  bei  200  g  je  Gefafi  die 
pH-Werte  allgemein  ein  wenig,  wahrend  die  unverdiinnte  Anwendung  eine  cnt- 
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ganges. 

Nach  diescn  Befunden  steht  von  alien  N-Formen,  die  den  Komposten  beigegeben 
wurden,  Kalkstickstoffan  erster  Stelle.  Dodi  sollte  entweder  die  Zeit  von 
der  Beimischung  bis  zur  Verwendung,  die  hier  11  Wochen  betrug,  verlangert  wer- 
den  oder  die  Stickstoffabgabe  sollte  reduziert  werden.  Da  der  KalkstickstoflF- 
kompost  im  Feldgemusebau  besser  wirkte  als  der  Vergleichskompost  mit  aquiva- 
lenter  N-Gabe  auf  den  Acker,  so  kann  das  Verfahren  der  Stickstoffbeimischung 
durchaus  empfohlen  werden;  doch  soUten  diese  Versuche  noch  weitergefiihrt 
werden,  da  es  nicht  unmoglich  erscheint,  auf  diese  Weise  den  Pflanzen  mehr  N 
zufuhren  zu  konnen,  als  es  bislang  der  Fall  gewesen  ist.  So  durfte  zu  erwarten 
sein,  die  Ertrage  weiter  erhdhen  zu  konnen. 

An  der  Durchfuhrung  der  Versuche  war  E.  Hausrath  beteiligt 
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iLin  Deiirag  zur  rrage  aer  ivomposiierung  von  oiron  mii 
verschieden  hohen  Kalkstickstoffgaben 

Aub  dem  Institut  fur  Gemtisebau  GroBbeeren  der  Humboldt-Universitat  Berlin 

Von  Th.  Geissler  und  E.  Baumann 


Die  Notwendigkeit  der  Schaffung  ausreichender  Mengen  an  Humusdiingern  zwiogt 
uns  zur  Ausnutzung  aller  erreichbaren  organischen  Stoffe,  einschlieBlidi  soldier, 
die  aufSerhalb  des  Betriebes  anfallen.  Hier  und  da  besteht  die  Moghchkeit  der 
Besdiaffung  von  Stroh  oder  ahnlichen  Stoffen,  die  fiir  die  organische  Dungung 
verwendet  werden  konnen.  Da  das  Einbringen  von  Stroh  in  den  Boden  ohne  jeg- 
liche  Vorbereitung  vielfach  ertragsraindernde  Folgen  hat,  verarbeitet  man  es  in 
der  Landwirtsdiaft  zu  sogenanntem  „Kiinstmist"  oder  Mehrungsmisc.  £s  soil  be- 
sonders  in  vieharmen  Betrieben  als  Stalldungersatz  dienen.  Speziell  fiir  den  Gai- 
tenbau  untersuchte  Mantel  (7)  den  Mehrungsmist  hinsichtlich  seiner  Braudibarkeii 
zur  Packung  von  Friihbeetkasten.  Er  fand  die  Untersuchungen  von  Reinbold  und 
Hausratb  (10)  und  Vogel  (14)  bestatigt,  in  denen  sich  Kalkstickstoff  als  Zusatz  vi 
Stroh  bei  der  Verwendung  zur  biologischen  Beheizung  von  Treibkasten  bewihrt 
hatte,  verwandte  jedoch  auch  Harnstoff  mit  Erfolg.  Kalkstickstoff  als  StickstoS- 
quelle  bei  der  ,,Kunstmistbereitung"  hat  sich  auch  in  zahlreichen  anderen  Ver- 
suchen  bewahrt  (4,3  u.  a.).  Laboratoriumsversuche  von  Springer  und  Lebner  (12} 
uber  den  Einflufi  einiger  Stickstoffsalze  und  Handelsdiinger  auf  die  Verrottung 
von  Stroh  ergaben  durch  Kalkstickstoffzusatz  den  hochsten  Zersetzungsgrad  des 
Strobes  bei  giinstiger  Einwirkung  auf  die  Bildung  von  echten  Humusstoffen,  die 
in  geringem  Mafie  an  Kalk  gebunden  waren.  Kann  man  die  Brauchbarkeit  des 
Kalkstickstoffes  als  Zusatz  fiir  die  Strohverrottung  al»  erwiesen  ansehen,  so  sind 
die  Ergebnisse  beziiglidi  der  Stickstoffmengen  und  der  Lagerungsart  unterschied- 
lich.  Flieg  (3)  und  Lemmermann  (6)  fanden  0,7  •/•  Reinstickstoff  geeignet,  die 
Menge,  die  auch  der  Praxis  in  Anleitungen  empfohlen  wird  (2).  Hesse  und 
Scbmalfufi  (4)  Ziehen  aus  ihren  Versudien  die  SchluBfolgerung,  dafi  bei  der  Kunst- 
mistbereitung  das  giinstigste  C:N-Verhaltnis  bei  geringsten  Lagerungsverlustcn  an 
Trockenmasse  und  StickstofF  dann  erzielt  wird,  wenn  der  Stickstoffzusatz  l,4*/», 
als  das  Doppelte  der  bisher  iiblichen  Menge  betragt.  Als  giinstige  Lagerungsart 
geben  sie  groBtmoglidien  Luftabschlufi  (durch  sofortiges  Festtreten)  und  mdglidist 
niedrige  Temperaturen  an.  Die  Versuche  erfolgten  in  Gargruben,  ein  Verfahrcn, 
das  von  anderen  Seiten  als  unzweckmaBig  (3,  13)  bezeichnet  wird.  Die  Zielsetzung 
der  meisten  landwirtschaftlichen  Untersuchungen  ist  es,  die  Bedingungen  zur  Schaf- 
fung eines  stallmistahn lichen  „Kunstmistes"  zu  ermitteln.  Lediglich  Kertscber  (5) 
empfiehlt,  Stroh  mit  Stickstoff  und  Erde  anzusetzen  und  den  Mehrungsmist  zu  vcr- 
erden.  Sein  Ziel  ist  es,  gleich  dem  unsrigen,  nicht  ein  stallmistahnliches  Substrat, 
sondern  einen  Kompostdiingcr  zu  schaffen,  der  als  humoses,  erdiges  Substrat  zur 
Anwendung  kommt. 

Die  „Kompostierung"  des  Strobes  unterscheidet  sich  von  der  sonst  im  Gartcnbau 
iiblichen  Kompostierung  insofern,  als  das  organische  Ausgangsmaterial  nidit  aus 
verschiedenen  Stoffen  zusammengesetzt  ist,  sondern  das  Stroh  mehr  oder  wcnigcf 
einheitlich  ist,  s<ch  aber  besonders  durch  sein  weites  C:N-Verhaltnis  auszeichnct, 
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is  betragt  im  Durchschnitt  100:1.  Dies  bedingt,  dab  zur  Entwicklung  der  den 
Ab-  und  Umbau  der  organischen  Masse  vollziehenden  Mikroorganismen  vornehm- 
lidi  Stickstoff  zur  Verfiigung  gestellt  werden  muB.  Da  wir  die  Angaben  iiber  die 
Hohe  der  zur  Kunstmistbereitung  verwandten  Stidcstoffmengen  nicht  auf  die 
Strohkompostierung  unter  Erdzusatz  iibertragen  konnen,  war  es  ein  Ziel  unscrer 
Versuche,  die  gunstigste  Hdhe  der  Stickstoffzufuhr  zu  ermitteln,  wobei  als  Stick- 
stofftrager  Kalkstickstoff  verwendet  wurde.  Neben  der  Untersuchung  des  Kom- 
postierungsverlaufes  erschien  es  von  besonderer  Wichtigkeit,  die  Brauchbarkeit  der 
Strohkomposte  in  physiologischen  Priifungen  in  Gefafi-  und  Feldversuchen  zu  er- 
mitteln.  Diese  Untersudiungen  sind  bisher  oft  vernachlassigt  worden,  sie  beweisen 
jedoch  erst  die  wirkliche  Brauchbarkeit  des  erzeugten  Produktes  fur  Diingungs- 
zwecke. 

Der  in  den  Jahren  1951  bis  1953  durchgefiihrte  Versuch  iiber  die  Strohkompostie- 
rung gliederte  sich  also  in  drei  Hauptteile: 

1.  Kompostierung 

2.  Physiologische  Priifungen  im  Gefafiversuch 

3.  Physiologische  Priifungen  im  Feldversuch. 

Die  Kompostierung 

Hs  wurden  insgesamt  7  Komposte  folgender  Zusammenstellung  angcsetzt  und  un- 
tersucht: 

1.  Stallmist  und  Erde  (4:1)*,  in  folgendem  als  Erdmist  bezeichnet 

2.  Stroh  und  Erde  (3:1)  +  P  +  K  ohne  N 

3.  Stroh  und  Erde  (3:1)  +  P  +  K  +  0,35  kg  N/m^ 

4.  Stroh  und  Erde  (3:1)  +  P  +  K  +  0,70  kg  N/m^ 

5.  Stroh  und  Erde  (3:1)  H-  P  +  K  4-  1,05  kg  N/m^ 

6.  Stroh  und  Erde  (3:1)  +  P  +  K  -I  2,30  kgN/m^ 

7.  Stroh  und  Erde  und  Klarschlamm  (3:0,5:0,5)  +  P  +  K  +  0,35  kgN/m^. 

*)  VerhaltnisgewichtsmaBig 

Kompost  1  als  Erdmist  in  Anlehnung  an  die  Vererdung  von  Stallmist  nadi  Kerh 
scber  (5)  diente  als  Vergleichskompost.  Der  Stallmist,  hauptsachlich  Pferdemist, 
hatte  vor  der  Verwendung  kurze  Zeit  gelagert.  Als  Erde  wurde  hier,  wie  bei  alien 
anderen  Versuchsfragen  auch,  Komposterde  verwandt,  die  aus  Friihbeetkasten 
ausgefahren  worden  war.  Um  den  Gehalt  an  sorptionskraftigen  Bestandteilen  zu 
verbessern,  wurde  der  Erde  je  Haufen  0,1  m"*  Lehm  beigemischt.  Diingerzusatze 
erhielt  der  Erdmist  nicht. 

Als  Ausgangsmaterial  fiir  alle  Strohkomposte  diente  Roggenstroh,  dem  ein  gerin- 
ger  Teil  Hafer-  und  Rapsstroh  beigemischt  war.  Das  Stroh  hatte  in  Mieten  ge- 
lagert und  wurde  beim  Ansetzen  angefeuchtet. 

Die  Gewichtsverhaltnisse  beim  Ansetzen  der  Haufen  betrugen  fiir  alle  Strohkom- 
poste je  m^ : 

Stroh  105  kg  29 ''/o 

Wasser  162  kg  45  Vo 

Erde  und  Lehm  94  kg  26  Vo 

361  ~kg  ~  lOd^/o 

Alien  Strohkomposten  wurden  ferner  beim  Ansetzen  einheitlich  je  m***  0,20  kg 
PgO-  als  Superphosphat  und  0,35  kg  K^O  als  schwefelsaures  Kali  zugesetzt.  Der 
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blieb  ohne  Stickstoff. 

Kompost  3  erhielt  je  m^  0,35  kg  N  als  1,75  kg  Kalkstidcstoff.  Diese  Reinnahrstofi- 
menge  wurde  von  Reinbold  (u.  a.  8)  als  beste  fur  die  Herstellung  von  Torfkompost 
ermittelt  und  auf  ihre  Eignung  fiir  Strohkomposte  untersucht 

Kompost  4  wurdcn  0,70  kg  Reinstickstoff  je  m^  als  3,5  kg  Kalkstickstoff  zugesetzt, 
eine  Menge,  die  mit  den  Empfehlungen  fur  Kunstmistbereitung  (2)  in  Vergleidi 
gesetzt  werden  kann,  die  auf  1  dz  Stroh  3,5  kg  Kalksdckstoff  angeben. 
Die  Sdckstoffgabe  fiir  Kompost  5  betrug  1,05  kg  N,  was  der  Mengenangabe  vod 
Kertscber  (5),  namlich  5  kg  Kalksdckstoff  auf  100  kg  Stroh,  entspricht. 

Kompost  6  wurde  mit  2,3  ReinsHckstoff  je  m^  versetzt,  entsprechend  also  113  kg 
Kalksddcstoff.  Mit  diesen  starken  Gabcn  wurde  das  C:N-Verhaltnis  schon  beim 
Ansetzen  auf  etwa  20:1  gebracht. 

Kompost  7  erhielt  die  gleiche  Stickstoffmenge  wie  Kompost  3,  also  0,35  kg  Rein- 
suckstoff  je  m"^,  jedodi  wurde  nur  die  Halfte  der  bei  den  Haufen  2-6  gegebenen 
Erdmenge  zugesetzt  und  die  andere  durch  frisdien  Klarschlamm  aus  einem  Ab- 
setzbecken  der  Grofibeerener  Rieselfelder  ersetzt.  Es  soUte  hiermit  als  Vorversudi 
zu  einer  grofieren  Versuchsreihe  die  Brauchbarkeit  von  Klarschlamm  an  Stelle  des 
Erdzusatzes  erprobt  werden. 

Zum  Ausgleich  des  mit  den  hochsten  Kalkstickstoffmengen  zugefuhrten  Kalkes 
wurden  den  Haufen  entsprechende  Mengen  Branntkalk  zugefuhrt,  so  dafi  alle 
Haufen  den  gleichen  Kalkzusatz  erhalten  haben. 

Die  Versuchshaufen  wurden  in  zwei  Parallelen  angesetzt,  die  einzelnen  Haufen 
batten  folgende  Ausmafie: 

Grundflache  Im^  Im        =4m^ 

Deckflache  1,2  m  X  1,2  m  =  1,44  m^ 

Hohe  1,5  m 

Volumen  4,1  m^ 

Das  Ansetzen  der  Haufen  erfolgte  vom  6.  bis  10.  4.  1951,  das  erste  Mai  wurde 
am  4.  6.  1951,  das  zwcite  Mai  am  19.  und  20.  7.  1951  umgesetzt  Dabei  wurde 
beim  ersten  Umsetzen  die  Grundflache  der  Strohkomposte  auf  1,5  m  X  1301  = 
2,25  m^  und  die  der  Mistkomposte  auf  l,5mX2m=3m2  verandert. 

Beim  ersten  Umsetzen  wurden  je  nach  dem  Grade  der  Austrocknung  je  Haufen 
rund  75  bzw.  100  Liter  Wasser  zugegeben.  Die  Erdmisthaufen  blieben  unbewassert 
Beim  zweiten  Uipsctzen  erhielten  die  Haufen  jeweils  120  Liter  Wasser. 

Kompost  6  roch  sowohl  beim  ersten  als  auch  noch  beim  zweiten  Umsetzen  nadi 
Kalkstickstoff,  sonst  waren  die  Haufen  geruchlos. 

Am  16.  7.  1951  wurden  von  alien  Komposten  Proben  fiir  Gefafidiingungsversudic 
genommen,  am  21.  4.  1952  von  den  Komposten  3  und  6  zum  zweiten  Mai.  Die 
Abdiingung  der  Feldversuche  mit  den  Versuchskomposten  erfolgte  am  4.  4.  1952. 
Wahrend  der  Kompostierung  wurde  der  Temperaturverlauf,  der  Volumenvcrlust 
der  Koniposte  und  qualitative  Beurteilungen  beim  Umsetzen  festgehalten,  sowie 
einige  chemische  Untersuchungen  angestellt. 

Temperaturverlauf  und  Volumen verlust  der  Komposte 

Wahrend  der  Lagerzeit  erfolgte  eine  standige  Temperaturkontrolle  durch  einge- 
steckte  Mietenthermometer.  Der  Mefipunkt  befand  sich  gleichmafiig  im  Innem 
des  Haufens  in  70  cm  Entfernung  von  der  Oberflache,  so  da6  unter  Ausscfaaltung 
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untersduediicher  Kandwirkung  vergleichbare  werte  ermittelt  werden  konnten. 
Allgemein  ergab  sich  fiir  alle  Haufen  mehr  oder  weniger  der  typische  Verlauf, 
d.  h.  starker  Aufstieg  nach  denv  Ansetzen,  dann  langsames  Abklingen  der  Er- 
warmung,  erneuter,  jedoch  immer  geringer  wcrdender  Anstieg  nach  jedem  Urn- 
setzen  und  schliefilich  allmahlicher  Abfall  auf  eincn,  etwas  iiber  der  durchschnitt- 
lichen  Aufientemperatur  liegenden  Wert.  Als  besonders  kennzeichnend  sind  die 
Kurven  der  Komposte  1,  2,  6  und  7  in  Abb.  1  bis  3  dargestellt. 


Temperaturverlauf  in  den  Komposthaufen 


20  4 


30  4  10  5  20  5 

Abb.  I  Bis  zum  i.  Umsetzen 


30  5. 


4  6 


7  6.       to  6 


20  6 


30  6. 


KX?. 


19  7 


yVbb.  2  Vom   i.  bis  zum  2.  Umsetzen 
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Pwomposc  i,  acr  nramisc,  zeigce  aiigcmem  acn  ausgcgiicncnsccn  i  cmperaairvcr- 
lauf.  Die  Erwarmung  erfolgte  zunachst  laifgsam;  nach  etwa  3  Wodien  wurden 
die  hodisten  Werte  (um  37^)  erreicht  und  diese  dann  etwa  14  Tage  beibehalten. 
Danach  erfolgte  ein  Temperaturruckgang,  der  jedoch  nur  gering  war  und  nidit 
so  weit  wie  bei  den  Strohkomposten  ging.  Nach  dem  ersten  Umsetzen  der  Haufen 
herrsdite  die  gleidie  Tendenz:  Ein  langsamer,  geringer  Anstieg  gefolgt  von  nur 
geringem  Temperaturabfall.  Nach  dem  zweiten  Umsetzen  war  schliefilich  nur  ein 
Untersdiied  von  5^  im  ganzen  Temperaturverlauf. 
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X) 

23 

.7.                30 

.7.                                10 

8.                           20 

6. 

30.6. 

10.9. 

Abb.  3  Nach  dem  2.  Umsetzen 

Hinsichtlich  des  Volumenverlustes  (Abb.  4)  zeigte  der  Erdmist  geringste  Ein- 
bufien.  Ein  direkter  Vergleich  mit  den  Strohkomposten  ist  hierbei  ebensowoiig 
wie  beim  Temperaturverlauf  moglich,  das  Ausgangsmaterial  war  zu  unterschied- 
lich.  Offensiditlich  verliefen  die  Urasetzungen  im  Erdmist  ruhiger  als  in  den  Stroh- 
komposten. Beim  Strohkompost  ohne  Sticks  toff  zusatz  (Kompost.2)  verlief  die  ganzc 
Kurve  bewegter.  Nach  dem  Ansetzen  stiegen  die  Werte  innerhalb  einer  Wodic 
auf  iiber  60^,  Helen  jedoch  dann  gleichmafiig  soweit,  dafi  sie  vor  dem  1.  Umsetzen 
nur  wenig  iiber  den  durchschnittlichen  Aufientemperaturen  lagen.  Nach  dem 
1.  Umsetzen  zeigte  sich  das  gleiche  Bild,  jedoch  etwas  weniger  stark  im  Anstieg 
und  Abfall.  Nach  dem  2.  Umsetzen  erfolgte  nach  anfanglichem  Zogem  nochmals 
ein  Anstieg  bis  fast  40°,  nachdem  die  Werte  etwa  eine  Woche  gleichgeblieben  wa- 
rcn,  liefi  die  Erwarmung  nach.  Nach  Ende  August  hatten  die  Werte,  wie  bei  alien 
anderen  Kompostcn  des  Versuches  auch,  keine  Schwankungen  mehr  und  verhieltcn 
sich  entsprechend  dem  Durchschnitt  der  AuBentemperaturen. 

Von  alien  Strohkomposten  ergab  sich  bei  Kompost  2  der  geringste  Voluraenvcr- 
lust. 

Kompost  6  mit  2,30  kg  N/m-^  erreichte  den  Maximalwert  aller  Versuchskomposte 
10  Tage  nach  dem  Ansetzen  mit  64^.  Nach  dem  1.  Umsetzen  erwarmte  er  sidi 
nicht  ganz  so  stark,  wahrend  nach  dem  2.  Umsetzen  nach  anfanglichem  Zogem 
nochmals  eine  geringe  Erwarmung  erfolgte.  Der  Volumenverlust  betnig  bis  zum 
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^erlust  erlitten  hatte.  Ahnlich  dem  vorigen  war  der  Verlauf  der  Tempera- 
[>eim  Kompost  7  niit  0,35  kg  N/m^.  Nach  dem  1.  Umsetzen  kam  es  jedoch 
als  zu  einem  sehr  starken  Anstieg  bis  auf  64*^,  dem  ein  allmahlicher  starker 

folgte.  Nach  dem  2.  Umsetzen  kam  es  nur  zu  gehnger  Erwarmung.  Die 
nzverluste  waren  hier  beim  2.  Umsetzen  die  grdfiten. 
'erlauf  der  Temperatur  der  Komposte  3,  4  und  5  wies  in  seiner  Tendenz 
Besonderheiten  auf,  so  daft  die  Darstellung  sich  hier  enibrigt. 
il  es  eindeutig  ist,  dafi  der  Gesamtverlauf  der  Kompostierung  von  den  Tem- 
rverhaitnissen  eines  langeren  Zeitraumes,  z.  B.  von  den  durchschnittlicfaen 
smitteiwerten,  beeinfluCt  wird,  so  zeigen  die  Messungen,  da6  die  Schwau- 
1  der  mittleren  Tagestemperatur  ohne  EinfluC  auf  die  Temperatur  im  Kom- 
umindest  in  der  von  uns  gemessenen  Tiefe,  sind.  Das  gleiche  gilt  beziiglich 
ederschlage. 

menfassend  betraditet  zeigt  der  Temperaturverlauf,  der  ja  als  Ausdruck  der 
eit  von  Mikroorganismen  bei  der  Kompostierung  gelten  kann,  deutliche  Ab- 
keit  vom  Ausgangsmaterial,  also  Stroh  oder  Mist.  Durch  den  Stickstoffzusatz 
;chiedenen  Mengen  ergab  sich  keine  grundsatzliche  Verschiebung  der  Kurven 
^eranderung  der  erreichten  Temperaturen  gegeniiber  dem  Strohkompost 
Itickstoffzusatz.  Ferner  schienen  bei  alien  Komposten  die  durch  die  Warme- 
:  erkennbaren  Umsetzungen  nach  4^/2monatiger  Lagerung  einheitlich  be- 
zu  sein.  Der  Gesamtverlauf  der  Kurven  zeigt  die  starkste  Wirkung  des  Um- 
i  auf  die  Strohkomposte.  Beson- 
nit  dem  ersten  Umsetzen  er- 
eine  starke  Forderung  der  Zer- 
^svorgange.  Beim  2.  Umsetzen 
ser  EinfluB  zwar  noch  deutlich 
iden,  aber  nicfat  mehr  so  stark. 
;nd  bei  der  landwirtschaftlichen 
Tiistherstellung  im  allgemeinen 
umgesetzt  wird,  ist  bei  der 
ompostierung  ein  zweimaliges 
zen  nach  jeweils  4Wochen  zur 
ling  der  Umsetzungsvorgange 
srr  Verkiirzung  der  Umsetzungs- 

empfehlenswert.     Hohe    und 

der  Temperaturmaximalwerte 
en  Komposten  zeigen  auch  hier, 
ine  evti.  wunschenswerte  Des- 
on  der  Komposte  durch  Erwar- 

nicht  erreicht  werden  kann. 
wirksame  Temperaturgrade  er- 
werden,  so  herrschen  sie  nur  in 
mten  giinstigen  Bezirken  des 
as,  in  denen  auch  die  Tempera- 
^rmittelt  wurden.  Sie  sind  jedoch  ___  ^ 
±arakteristisch  fiir  den  ganzen  \}y]y    ^ 

n  (1).  Da6  die  Temperatur  ohne  Volumenverlust    der    Komposthaufen 


... .   Kpmpw  Nr  1  (Erdmht) 

-    KoinpkNr.  2(ahn«h^ 

Komp^Nr  3(^035 kg  N) 

KomANr.4(«(X70hgN) 

ii\  ♦♦♦•♦•♦   IComp.Nr5(»  W» kg  N) 

i^  ftompNr.6(^%30hgN) 

Kemp  Nr.  7(0^bg  N  ♦  Khtk) 
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nintiub  autdie  vernicntung  derunkrautsamen  war,zeigte  sicn  dadurcn^daDwanrend 
der  ganzen  Kompostierungsdauer  Unkraut  auf  den  Haufen  auf lief .  Dabei  konnte  es 
sich  nicht  urn  zugeflogenen  Samen  handeln,  da  auf  Kompost  7  die  Brennessel  stark 
hervortrat,  wovon  Samen  im  Klarschlamm  immer  reichlich  enthalten  sind.  Auf 
anderen  Haufen  kam  Raps  zur  Keimung,  dessen  Samen  mit  den  geringen  Mengen 
Rapsstroh  eingebiacht  worden  war.  Allgemein  entwickelten  die  Komposte  mit  den 
hdh6ren  Kalksddcstoffgaben  einen  geringeren  Unkrautwuchs. 

Eindeutige  Beziehungen  zwischen  Stickstoffzusatz  und  Volumenverlust  sind  bd 
Erdmist  und  Strohkompost  2  ohne  Stickstoffzugabe  gegeniiber  den  Strohkomposten 
mit  Stickstoffzusatzen  wahrnehmbar,  Stickstoffzusatz  verstarkte  die  Volumcnver- 
luste.  Dabei  weicht  Kompost  6  insofern  von  den  iibrigen  ab,  als  hier  nach  starker 
Schrumpfung  bis  zum  ersten  Umsetzen  bis  zum  zweiten  Umsetzen  die  Substanz- 
verluste  nur  gcring  sind.  Diese  Erscheinung  lafit  sich  auch  in  Beziehung  mit  den 
Temperaturkurven  zunadist  nicht  deuten. 

Qualitative  Beurteilungen 

Qualitative  Beurteilungen  wurden  beim  1.  und  2.  Umsetzen  sowie  bei  Ausbringung 
auf  das  Feld  vorgenommen.  Verschiedene  Eigenschaften  der  Komposte  wurden 
nach  einem  Bewertungsschema  mit  Ziffern  beurteilt.  Bewertete  Eigenschaften  und 
deren  Bewertungsziffem  sind  folgende  (nach  Reinhold  11): 

Allgemeines  Zersetzungsbild 

3  =  sehr  gute  Zersetzung 
5  =z  sehr  geringe  Zersetzung 

Lockerheit 

3  =  sehr  lockere  Lagerung 
5  =  sehr  dichte  Lagerung 

Widerstand  bei  der  Bearbeitung  mit  dem  Spaten 

3  =  sehr  gering 
1  z=z  sehr  stark 

Zerfall  unzersetzter  Teiie  beim  Zerreifien 

3  =:  sehr  stark 

5  =:  sehr  gering 
Die  fur  die  einzelnen  Haufen  gefundenen  und  gemittelten  Werte  sind  in  Abb.  5 
zusammengestellt  Wenn  diesen  Beobachtungen  auch  nur  begrenzte  Bedeutung  zu- 
kommen  kann,  so  zeigen  die  Darstellungen  doch  interessante  Einzelheiten.  Der 
Erdmist  erfahrt  in  beidcn  Fallen  die  giinstigste  Beurteilung.  Die  grofite  Qualitats- 
verbesserung  zwischen  dem  1.  und  dem  2.  Umsetzen  erreichte  Kompost  2  aus 
Stroh  und  Erde  ohne  N-Zusatz.  Allgemein  zeigen  jcdoch  die  anderen  Komposte 
in  mehr  oder  weniger  ausgepragter  Form  die  gleichen  Erscheinungen.  Beim  Aus- 
briiigen  zum  Feldversuch  nach  einjahriger  Lagerung  wiesen  alle  Komposte  einen 
gleichmafiig  guten  Zersetzungsgrad  auf. 

Chemische  Untersuchungen 

Die  Ermittlung  der  pH-Werte  (in  KCl)  erfolgte  im  Laufe  der  Kompostierung 
dreimalig,  erstmalig  beim  2.  Umsetzen  (19.  und  20.  Juli  1951),  dann  am  A.Sep- 
tember 1951  und  letztmalig  beim  Ausfahrcn  auf  die  Feldversuchsparzelicn  am 
25.  Marz  1952.  Die  Werte  sind  in  nachfolgender  Tabelle  zusammengestellt: 
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19.  und  20.  7.  195 1 

4-9.  195 1 

25.  3.  1952 

impost  I   (Erdmist) 

7,9 

7,4 

7,9 

»mpost  2  (Ohne  N) 

6,8 

7,1 

7,2 

impost  3  (+  0,35  kg  N) 

7,1 

7,1 

7,0 

impost  4  (+  0,70  kg  N) 

7,3 

7,3 

7,1 

impost  5  (+  1,05  kg  N) 

7,1 

7,3 

6,9 

impost  6  (+  2,30  kg  N) 

7,4 

7,5 

7,5 

impost  7  (+  0,35  kg  N) 

7,3 

la 

7,0 

Igemein  lag  die  Reaktion,  wie  nach  den  Kalkstickstoffgaben,  bzw.  den  aus- 
richenden  Kalkungen  nidit  anders  zu  erwarten  war,  im  alkalischen  Bereich. 
ndeutig  starkere  Alkalitat  zeigten  der  Erdmist  (Kompost  1)  und  der  Stroh- 
mpost  6  mit  der  hohen  N-Gabe.  Zwischen  den  anderen  Werten  bestehen  keine 
ideutigen  Beziehungen,  was  wohl  audi  durch  die  Schwierigkeit  einer  einheit- 
ben  Probenahme  mit  begriindet  sein  diirfte. 

Beim  i.  Umsetzen 


Beim  2.  Umsetzen 


Allgemeines 
Zersetzungsbild 


Widerstand  bei 
Bearbeitung 


Zertall  unzersetzter  H     Lo<.kerheit 

Telle  ^" 

Abb.  5  Qualitative  Beurteilung  der  Komposte 


tersudiungen  uber  den  Phosphorsaure-  und  Kaligehalt  erfolgten  beim  2.  Um- 
zen  der  Haufen  und  beim  Ausfahren  der  Haufen  zum  Feldversucfa.  Im  ersten 
lie  ergaben  sich  fiir  alle  Proben  Gehaltszahlen  uber  40  mg  laktatlosiiche 
3g  und  uber  70  mg  austauschfahiges  K^O.  Am  25.  Marz  1952  batten  alle 
)ben  Werte  iiber  25  mg  PgO^  und  iiber  50  mg  KgO  je  100  g  Kompost  Die 
ingeren  Werte  der  zweiten  Untersuchungcn  sind  nicht  durch  einen  Riickgang 
s  Nahrstoffgehaltes,  sondern  durch  eine  andere  Untersuchungsmethode  be- 
igt.  In  jedcm  Falle  waren  die  Komposte  nach  den  Untersuchungen  sehr  gut 
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2.  L 


••indcr 

N 

Tr 

El*. 
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0.94 
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i/ji 
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IJ.9 

1.6 1 

<xj6 

.2:2-4 

0,98 

<M)9 

9y2 

Korn  >*'/'*  t  6 
Komp<>-^t  7 


Ohne  N'> 

^  0,35  kjf  N'  I 
-^  0,70  ks  N  * 
-r  J/J5  km,  N; 

-  23>  kg  N  f 

-  0..15  kK  X  > 


E4  ergabcfi  sich  mic  sccigendcn  Sckkstotfgabcn  audi  itrigmdr  Gciialtc  aa  Ge- 

samucickstoff  und  wasserioftlidiein  Sckkstoff,  wobd  der  celatnrc  Antcil  an  vasscr 

Idf  lichcm  Scidutoff  von  Gcsamtsdckstoff  voo  4^  Pcozeac  in  Kompost  2  ohnc  Scid- 

tcoffzugabe  auf  22,4  Prozent  bei  Kompost  6  mit  den  hodmen  ScidEstoffgabcn  zu- 

n'tmmt. 

BbenfalU  beim  2.  Unuetzen  wurden  die  Tnxkensubstanzgeiialtc  und  die  Antdlc 

an  Asdic  und  organisdier  Subttanz  bcKinunt.  Es  wurden  gefunden: 


Trockcn- 

organische 

snbstanz 

Wasscr 

Aschc 

Masse 

in* 

• 

in  */•  der  Trockensabstanz 

Kompost  I   (Erdmiftt) 

5^>,l 

43,9 

80,7 

19,3 

KompOHt  2  (Ohne  N) 

58,3 

4I»7 

78*6 

21A 

KompOHt  .1  (+0,35  kg  N) 

52,7 

47,3 

70,4 

29,6 

Kompost  4  (+  0,70  kg  N) 

57,6 

42,4 

71,2 

28,8 

Kompo«»t  5  (+  1^5  kg  N) 

56,4 

43,6 

7-2,4 

27,6 

Kompost  6  (+  2,3«  kg  K) 

48,4 

51,6 

63,4 

36.0 

Kofnf»OHt  7  (+0,35  kn  N) 

51,4 

48,5 

67,7 

3-',4 

Bin  cindeutigcr  Einflufi  der  untersdiiedlidien  Sddutoffgaben  auf  den  Gehalt  an 
AkHc  bzw.  organisdier  Masse  ist  nidit  vorhanden.  Die  Werte  zeigen  keineo 
sidicren  Untcrsdiied,  lediglidi  Kompost  6  mit  der  hodisten  N-Gabe  hat  bei 
gcringstem  Trodcensubstanzgehalt  den  hodisten  Gehalt  an  organisdier  Masse. 

Physiologisdie  Friifung  im  Gefafiversudi 

Der  Sdiwcrpunkt  der  Untersudiungen  wurde,  wie  sdion  erwahnt,  auf  die  physio- 
logisdie Obcrpriifung  der  Komposte  in  ihrer  Wirkung  auf  das  Pflanzenwachstum 
geiegt.  Hierzu  wurden  zun&dist  Vegctationsversudie  in  Mitsdieriidigefafien  durd- 
gcfiihrt,  wobei  der  physiologisdi  verwertbare  Nahrstoffgehalt  sowie  die  allgc- 
mcine  Diingewirkung  der  Strohkomposte  uberpriift  wurden.  Als  Versudispflanze 
dicnte  dabci  der  viclfadi  bewahrte  und  fur  Gefafiversudie  besonders  geeignctc 
Spinat  (^Matador"). 

Es  wurden  hierzu  aus  alien  Komposthaufen  am  16.  Juli  1951  gleidunafiig 
Mischproben  entnommen,  die  fur  die  Gefafivcrsudie  Verwendung  fanden.  Fur 
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0.3    g  NaCl 
0,2    g  MgO 
0,05  g  FeCI.,j 
0,05  g  MnSb^ 
0,03  g  Borax 

zugesetzt  sowie  nach  dcm  Mangelschema  NPK,  NP,  NK  und  PK  je  1  g  Rein- 
nahrstoflf  (N  als  NH^NOs,  P2O5  als  CaHPO^  und  Kfi  alsK  KgSOO  zugegebcn. 
Es  wurden  von  jeder  Diingung  vier  Parallelen  angesctzt,  mit  jedem  Kompost 
also  16  Gefafie,  die  in  der  Vegetationshalle  des  Institutes  Aufsteilung  fanden 
und  mit  destilliertem  Wasser  gegossen  wurden.  Die  einzelnen  Daten  der  Vcr- 
suchsdurchfulirung  waren  dabei  folgende: 

Ansetzen  der  Gefafie  16.  Juli  1951 

Aussaat  in  die  GefaBe  6.  August  1951 

Verziehen  auf  15  Pflanzen  je  Gefafi  27.  August  1951 

Kopf diingung  31.  August  1951 

Emte  28.  September  1951 

Das  Wachstum  des  Spinats  verlief  flott  und  sehr  kraftig,  die  N-  und  KgO-Dun- 
gung  wurde  anfangs  nur  zur  Halfte  gegeben,  wahrend  die  zweite  Halfte  wahrend 
der  Kuitur  als  Kopfdiingung  zugesetzt  wurde.  Die  Aberntung,  bei  der  nach 
einem  24stundigen  Untersteiien  der  GefaBe  in  einen  dunklen,  geschlossenen  Raum 
zur  Erzielung  gleichmafiigei  Erntebedingungen  die  Frischgewichte  des  Spinats  in 
g/Gef.  bestimmt  wurden,  erbrachte  folgende  Ergebnisse: 


Ertrag 

Kompost 

NPK 

NP 

in  •/• 

NK 

in  Vo  V. 

PK      in  Vo  V. 

Nr. 

in  g/Gef. 

in  g/Gef.  > 

•.  NPK  in  g/Gef. 

NPK 

in  g/Gef.  NPK 

I   (Erdmist) 

211,7  *  5,6 

194,2  ±  2,4 

91,9 

209,8  ±  4, 1 

99,2 

18,1  ±  0,8     8,6 

2  (Ohne  N) 

193,7  ^  4,4 

157,5  ±  4,7 

81,4 

1 74,9  ±  2,9 

90,3 

20,3  ^  1,4    10,5 

3  (+0,35  kg  N) 

192,1  ±  2,0 

144,1  ±  2,9 

75,0 

185,1  ^  5,7 

96,4 

49,.:  ±  3,8  25,7 

4  (+ 0,70kg  N) 

223,0  ±  4,5 

150,5  *  3,1 

67,5 

175,4  ±  4,6 

78,7 

56,5  *  2,7  25,4 

5  (+  1,05  kg  N) 

238,5  ±  7,1 

175,2  ±  2,0 

73,5 

178,0  ±  5,2 

74,5 

61,2  ±  3,6  25,6 

6  (-f  2,30  kg  N) 

179,5  ±  1,8 

151,7  -  3,7 

84,5 

165,8  ±  4,9 

92,3 

54,2  ±  2,6   30,2 

7  (+0,35  kg  N 

223,2  ±  6,1 

185,1  ±  4,9 

83,0 

198,1  ±  3,1 

88,8 

56,5  *  2,1    25,3 

+  Klsch.) 

tf 

Den  Stand  einiger  Gefafie  vor  der  Aberntung  veranschaulicht  Abb.  6,  bei  denen 
der  iippige  Stand  der  NP-  und  NK-GefaCe  und  die  schlechte  Entwickiung  der 
PK-Gefafie  auffallt.  Als  Besonderheit  ware  noch  zu  nennen,  daB  die  Pflanzen 
mit  Kompost  6  (hochste  Kalkstickstoffgabe)  Kriimmungen  der  Blattrander  nach 
oben  mit  teilweiser  Gelbfarbung  des  Blattrandes  als  KalkstickstofTsdiadigung 
zeigten. 

Aus  diesen  Ertragszahlen  wurde  nun  unter  Zugrundelegung  des  Ertragsgesetzes 
in  der  Formulierung  von  Mitscherlich  und  Baule  der  in  den  einzelnen  Komposten 
physiologisch  wirksame  Nahrstoflfgehalt  an  N,  PgOg  und  KjO  berechnet,  wobei  in 
der  von  Reinbold  (9)  angegebenen  Weise  verfahren  wurde.  Nach  der  Formel 
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kann  der  KjO-Gehalt  dec  Kompostes  becedinet  weiden,  wobei  fur  Ynpk  <lcr 
bci  Volldungung,  fCic  y^p  der  ohne  Kali  erzielce  Ertiag  eingesetzt  wird,  wahrentl 
fur  c  der  Wickungswert  fur  Kali  (auf  g'm  bezogcn)  und  fur  b  die  im  QuaR- 
sand  und  GieBwasser  enthaltene  Kalimenge  eingesetzt  wird.  Analog  kann  zui 
Beredinung  des  P^Oj-Gehaltes  verfahccn  werdcn,  wobei  an  Stelle  von  yfjp  nuc 
yNK  sowie  die  c-  und  b-Wcrte  fiit  PgOj  eingesetzt  werden.  Bei  der  N-Betedi- 
nung  werden  yp^  und  die  c-  und  b-Wecte  fur  N  eingesetzt.  Es  wurde  dabei  nadt 


Abb.  6 

N&hrstoSmaneelversuch  zu  Strohkomiicstcn  (200  g/Gef.) 

Oben  Kompost  mit  2,3  N/obm,  unten  mit  o,3S  kg  N/cbm  Zusatz 

der  vereinfachtcn  graphisdien  Losung  nadi  Reinhold  (9)  verfahren.  Um  die  c- 
und  b-Werte  unter  den  vorliegenden  Verhaltnisscn  zu  crmitteln,  wurden  giddi- 
zeitig  Gefafiversuchc  zu  SpmaC  auf  Quarzsand  mit  steigenden  Gaben  von  N,  K^O 
und  P^Og  durdigefuhrt,  aus  dercn  Ertragen  die  Werte  errechnet  wurden.  Auf 
diese  Vcrsuche  soil  hier  nicht  naher  eingegangen  werden;  es  wurden  aus  ihnen 
folgende  Werte  ermittelt: 


N 


K,0 


P,Os 


Es  ergaben  sidi  folgende  prozentuale  Gehalte  an  physiologisdi  wirksamen  Nihc- 
stofFen  in  den  cinzelnen  Komposten  (bezogen  auf  die  vocliegcndc  Substanz  mit 
einem  mittlercn  Wassergehalt  von  45  %)-. 


Kompost 

Nr. 


N 


K,0 


PaO. 


1   (Erdmist) 

0,025  Vo 

0,315  •/• 

0,455  Vo 

2  (Ohne  N) 

0,030  "/o 

0,215  •/© 

0,200  Vo 

3   (+  0,35  kg  N) 

0,100  •/• 

o,i7oVt 

0,330  Vo 

4  (-f  0,70  kg  N) 

0,090  Vo 

0,125  »/o 

0,l3oVo 

5  (-f-   1,05  kg  N) 

0,090  ^U 

0,150  •/• 

0,l3oVo 

6  (4-  2,30  kg  N) 

0,130  •/• 

0,255  Vo 

0,230  Vo 

7  (+  0,35  kg  N   -h 

Klsc 

:h.) 

0,100  Vo 

0,240  Vo 

0,195  Vo 

Wahrend  beim  Kali-  und  Phosphorsauregehalt  auf^r  einer  Uberlegenheit  des 
Erdmistes  keine  klare  Tendenz  zu  erkennen  ist,  zeigte  sich  in  der  physiologischen 
Wirksamkeit  dcs  Stickstoffs  eine  deutliche  Oberlegenheit  der  Komposte  3  und  7 
mit  einem  N-Zusatz  von  0,35  kg/cbm,  wie  dies  nachfolgende  Tabelle  veransdiau- 
licht: 


Ph> 

siologisch 

wirksame  N-Menge 

Kompost 

N-Zugab( 

e 

Aus 

in  Vo  von 

Nr. 

kg/cbm 

Vo 

Gesamt  Vo 

N-Zugabe 

Vo  N-Zugabe 

2  (Ohne  N) 

0 

0 

0,03 

0 

0 

3  (+  0,35  kg  N) 

0,55 

0,097 

0,10 

0,07 

72,2 

4  {+  0,70  kg  N) 

0,70 

0,194 

0,09 

0,06 

32,0 

5  (+   1,05  kg  N) 

1,05 

0,290 

0,09 

0,06 

20,7 

6  (-r  2,30  kg  N) 

2,30 

0,640 

0,13 

0,10 

16,7 

7  (+  0,35  kg  N   -f 

KI: 

sch.)    0,35 

0,097 

0,10 

0,07 

72,2 

Es  wurde  also  bei  einer  Zugabe  von  0,35  kg/cbm  der  prozentual  grofite  Teil  der 
zugesetzten  N-Menge  mit  72,2  Vo  physiologisch  wirksam. 

In  einer  weiteren  gleichzeitig  durchgefiihrten  GefaBversuchsreihe  wurde  die  allge- 
meine  Diingewirkung  der  Komposte  iiberpriift.  Dazu  wurden  steigcndc  Mengen 
von  Kompost  mit  Quarzsand  gemengt,  und  zwar  0,  25,  50,  75  und  100  Vo  des 
Gefafiinhaltes.  Ein  Dungerzusatz  erfolgte  hier  nicht;  gegossen  wurde  mit  Leitungs- 
wasser.  Auf  Grund  der  unterschiedlichen  Volumengewichte  der  einzelnen  Kom- 
poste waren  die  Gewichtsverhaltnisse  in  den  GefaBen  unterschicdlich,  wie  aus 
folgender  Aufsteliung  hervorgeht. 


Gewichtsverhaltni 

isse  in 

kg  je  Gefa 

IB 

Vo  Kompost 

Sand 

Kompost  Nr 

• 

I 

2 

3 

4 

5 

6 
0 

7 

0 

7,00 

0 

0 

0 

0 

0 

0 

25 

5,25 

1,125 

0,5 

0,9 

0,6 

0.75 

0,8 

0,6 

50 

3,50 

2,250 

1,0 

1,8 

1,2 

1,50 

1,6 

1,2 

75 

1,75 

3,375 

1,5 

2,7 

1,8 

2,25 

2,4 

1,8 

100 

0 

4,500 

2,0 

3,6 

2,4 

3,00 

3,2 

2,4 

Die  GefaBe  wurden  ebenfalls  mit  Spinat  bcstellt,  wobei  alle  Versuchsdaten  die 
gleichen  wie  im  vorigcn  Versuch  waren.  Die  Aberntung  erbrachte  folgende  Frisch- 
gewichte  in  g/Gef.: 
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Kompnst 

•/•  Kompost 

Nr. 

o 

2S 

50 

75 

100 

1  (Erdmist) 

103,4  *  -1,4 

1,17,9  *4.<'' 

147.3  -  5.1 

164,9  *  2,4 

2  (OhneN) 

40,4  *  3,3 

f>S.3  *  4,4 

72.6  ±  3,6 

66,5  i  3,3 

3  {+o,35kgN) 

i66,s  ±  4,8 

238,1  ±  9,0 

312,8  ±  2,9 

343,9  ±  6,2 

4  (-i-o,70kgN( 

184,4  *  5,7 

239,7  *  9,4 

265,9  t  6,9 

288,2  ±  6,8 

5   (+  i.OSkgN) 

''"     249,7  *  0,1 

3S2,6  ±  3,6 

349,5  1  4,6 

349,9  *  6,6 

6  (+2,30kRN) 

4.9 

0 

0 

0 

7  <+o,3SkRN 

1 19,5  *  3.4 

201,3  i  3,1 

253.S  *  4,7 

308,2  ±  A.i 

+  Klsch.) 

6(13 


•  „r:.:  ^^ 


Abb.  7  SteiRcndc  Gaben  y 
Oben  Kompost  ohne  N,  unten  ir 


1  Strohkompost. 
0,35  kR  N/cbm-Zusatz. 


Die  hier  angcfiihrten  Ertragc  ergaben  sidi  zwar  aus  gleidien  Volumen-,  jcdodi 
unterschied lichen  GewichtsgrbCen,  Den  Stand  einiger  typisdien  Gctk&c  vat  de> 
Abemtung  zeigt  die  Abb.  7.  Es  fa!!t  hier  die  schwache  Eitragsleistung  dcr  Kom- 
poste  ohne  N  (Nr.  2)  auf,  und  die  wesentlidi  besscrc  gleidima&ig  anstcigende  dts 
Strohkompostes  mic  0,35  kg  N/cbm  (Nr.  3  uod  7).  Eine  weitere  SteigeruDg  des 
N-ZusaCzes  zu  den  Strohkomposten  brachte  zwar  in  den  niedrigen  Gaben  (25  uod 
50%)  bessece  Ertrage,  dann  vcrlief  die  Ertragskurve  jedodi  fladier,  so  dafi  beiin 
Kompost  mit  0.7  kg  N/cbm  (Nr.  4)  die  Ertrage  bei  75  und  100 '/t  wicdcr  schlcdi- 
ter  als  bei  der  nicdcren  N-Gabe  waren.  Beim  Strohkompost  mit  1,05  kg'N/cbm 
(Nr.  5)  treten  bei  den  beiden  hodistcn  Gabcn  von  75  und  100  %  keine  weiterea 
Ertragssteigerungen  auf.  Bei  dem  Kompost  mit  der  hficiistcn  N-Gabe  von 
2,3  kg/cbm  (Nr.  6)  fand  sogar  praktisch  iiberhaupt  keine  Ertragsbildung  mchr 
statt.  Hier  war  also  die  tOTcische  Grenze  schon  bei  der  geringsten  Gabc  von  25  *'< 
Kompostzusatz  erreidit.  Der  Vergleichserdmist  (Nr.  1)  bradite  zwar  gleidbmaStg 
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ansteigende,  jedoch  wesendich  niedrigere  Ertrage  ais  die  Strohkomposte  Nr.  3  und  5 
und  7.  Auf  Gnind  dieser  Ergebnisse  mufi  die  allgemeine  Dungewirkung  fiir  gart- 
nerische  Zwedce  am  besten  fiir  die  Komposte  mit  035  kg  N  je  cbm  beurteilt  wer- 
den,  weii  hier  off ensiditlidi  audi  bei  hdchster  Anwendung  keinerlei  Ertragssdiadi- 
gungen  zu  befurchten  sind,  und  die  Ertragsforderung  eine  mit  steigenden  Gaben 
gleichmafiig  zunehmende  von  giinstigem  Ausmafi  ist  Dies  stimmt  auch  mit  den 
Ergebnissen  der  vorstehend  beschriebenen  physiologiscfaen  Nahrstoffuntersudiun- 
gen  uberein,  bei  denen  die  gleichen  Strohkomposte  die  beste  physiologisdie  Aus- 
nutzung  der  zugegebenen  N-Menge  zeigten.  Durcfa  den  Klarschlammzusatz  zu 
Kompost  Nr.  7  war  keine  wesentliche  Beeinflussung  der  Ertragsleistung  einge- 
treten.  Klarsdilamm  kann  also  ohne  Bedenken  in  geringen  Hohen  als  Erdzusatz 
verwcndet  werden. 

Urn  die  Fragc  zu  klaren,  ob  die  beobachtete  toxische  Wirkung  der  hochsten  N- 
Gabe  audi  nadi  einjahriger  Lagerung  nodi  anhait,  wurden  im  folgcnden  Fruhjahr 
mit  zwei  Strohkomposten  nodimais  Gefafiversudie  durdigefuhrt,  und  zwar  mit 
Nr.  3  (035  kg  N'cbm)  und  mit  Nr.  6  (2,3  kg  N/cbm).  Es  wurde  dabei  in  der 
gleidien  Weise  verfahren  wie  im  Herbst  1951.  Die  einzelnen  Versudisdaten  waren 
diesmal 

Ansetzen  der  Gefafie  21.  April  1952 

Aussaat  in  die  Gefafie  29.  April  1952 

Verziehen  auf  15  Pflanzen  je  Gefafi  13.  Mai  1952 
Kopfdungung  29.  Mai  1952 

Ernte  25.  Juni  1952 

Das  Wadistum  des  Spinats  in  den  Gefafien  mit  Kompost  Nr.  3  erfolgte  in  aufier- 
ordentlidi  iippiger  Weise  nodi  wesentlidi  besser  als  im  vorigen  Herbst.  In  den 
Gefafien  mit  Kompost  Nr.  6  blieben  die  Pflanzen  im  Mangelversudi  (200  g  Kom- 
post je  Gefafi)  etwas  im  Wudis  zuriidc  und  zeigten  typisdie  Blattverkriimmungen, 
vor  allem  die  Blattrander  waren  blasig  nadi  unten  gebogen.  In  der  Reihe  mit  stei- 
genden Kompostgaben  fand  jedodi  wieder  sdion  von  der  niedrigsten  Gabe  von 
25  %  ab  keine  Ertragsbildung  statt. 

Die  Aberntung   des  Mangel  vers  udies  erbradite   folgende  Frisdigewiditsertrage: 

Kompost  NKP  NP        inVov.  NK        inVov.        PK       inVtv. 

Nr.  inR/Gef.         in  K/Gef.     NPK        in  K/Gef.     NPK     in  g/Gef.     NPK 


3  (0,35  kg  N)    275,5*7,4     219,0*8,5      79,5        185,6  ±  4»5      67,3      28,0  ±  3,1      10,2 
6  (2,30  kK  N)    2ir,5  *  6,1       156.7  ±  8,4      74J         183,4  *  6,3      86,9      53,8  ±  4,3      25,5 

Hieraus  beredinen  sidi  unter  Zugrundelegung  der  im  gleidizeidg  durdigefiihrten 
Versudi  mit  steigenden  Nahrstoff gaben  ermittelten  Werte  fur 

N  K2O  P2O5 


c  je  g/qm              0,0128            0,0396  0,0526 

b  in  g/Gef.  0,020 0,105  0,020 

folgende  physiologisdi  wirksame  Nahrstoffgehalte  in  den  Komposten  in  */t  (be- 
zogen  auf  vorliegende  Substanz  mit  41  %  Wassergehalt) : 

N  K^O V.p^ 

Kompost  Nr.  3      0,028  %       0,223  %       0,135  % 
Kompost  Nr.  6      0,090  %       0,178  % 0,260  % 

AIS 


Die  Nahrstoffgchaltc  haben  gegeniiber  dem  vorigen  Herbst  durchweg  abgenom- 
men  (auBer  P^O,^  bei  Nr,  6).  Es  miissen  jcdoch  immer  noch  Coxischc  N-Vcrbin- 
dungcn  im  Komposc  Nr.  6  vorhanden  scin,  wie  aus  den  morphologiEchen  Ver- 
Snderungea  dec  Spinacblatter  sowic  den  niedrigeren  Brtragen  bei  Volldungung 
hervorgeht 

Das  wurde  bestiitigt  in  dcr  Reihe  dec  steigenden  Kompostgaben,  in  der  bei  Kom- 
post  Nr.  6  ubechaupt  keine  Ectragsbildung  stattfand.  Die  eingetaten  Spioat- 
pflanzen  gingen  nach  einer  kijmmerlidien  Anfangsentwiddung  samtlich  nadi  zirka 
4  Wochen  wieder  ein.  Auf  Kompost  Nr.  3  wucden  dagegen  ungcwohnlidi  hohe 
Ertrage  erzielt,  wie  folgende  Aufstcilung  zeigt: 


Kompost  Nr.  3 

Frischgewicht 

•/• 

kK 

in  K/Gef. 

0 

0 

[o,o±    1,1 

25 

0,875 

309,5  i  18.0 

so 

1.750 

507,6  *    9,5 

75 

:;.62S 

556,6  ±  12,7 

TOO 

.1,500 

596,3  ±    8,0 

Abb.   8   SlciKtiide   G;.bi 
mil   o„i5   ke   N, 


Zusatz   I 


I   von   Strohkoinpost 
jahriaer   Lagening 


Dcr  gute  Stand  des  Spinats  in  den  Gefafien  vor  der  Abcmtung  ist  aus  Abb.  8  zu 
ecsehen.  Die  Ectcagswirkung  des  Stcohkompostes  mit  0,35  kg/cbm  hat  sidi  gegen- 
iiber dem  Vorjahr  trotz  absolut  geringercm  Nahrstoffgehalt  nodi  vecbessert,  sie 
stieg  gleidimallig  bis  zur  hodisccn  Gabc  oline  Deprcssionsanzeidien  an.  Ec  erwics 
sidi  demnadi  nadi  12monatiger  Kompostierung  gieidimafiig  gut  als  organisdiec 
Dilngec  als  audi  als  ceines  Bcdsubstcat  file  gemiisebaulidie  Zwedce  geeignet.  Zur 
Fieilandabdungung  rcidit  dagegen  im  allgemcinen  eine  Lagecungsdauer  von 
4-6  Monaten  aus. 

Ercragspriifung  im  Fcldversudi 
Obwohl  man  den  pflanzenbaulidien  Wert  eines  Kompostes  dutdi  die  vocstehend 
gesdiildertc  GefaBversuchsmechode  in  relativ  kurzcr  Zeit  (zirka  8  Wodien)  tcdit 
gut  einsdiatzen  kann,  kann  cine  endgultige  Bcurtcilung  naturLdi  erst  durdi  seine 
Wirksamkeic  im  Feldvecsudi  unter  praktisdien  Bedingungen  ecfolgcn.  Es  wucden 
deshalb  nadi  12monatiger  Lagecung,  als  dec  Kompostierungsvorgang  wcit  gSnug 
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vorgeschritten  war,  Felddiingungsversuche  mit  diesen  Strohkomposten  durch- 
gefiihrt.  Als  Versuchsfeld  diente  dazu  ein  schwach  anlehmiger  Sandboden,  auf 
dem  im  Vorjahr  Hafer  gestanden  hatte,  und  dessen  Struktur  und  Humuszustand 
recht  schlecht  war.  Die  Bodenreaktion  lag  im  neutralen  Bereich  leicht  schwankend 
um  pH  6^  herum;  mit  Kali  und  Phosphorsaure  war  der  Boden  gut  versorgt. 

Die  Anlage  des  Versuches  erfolgte  nach  der  Langreihenmethode  nach  Mitscherlich 
mit  4  Parallelen,  wobei  die  Parzellengrofie  3  m  mal  7  m  =  21  m^  mit  50  cm  Ab- 
stand  zwischen  den  Parzellen  betrug.  Wahrend  die  mineralische  Diingung  in  opti- 
malem  AusmaG  auf  alien  Parzellen  gleichmaBig  erfolgte,  wurden  als  Differenz- 
dungung  die  6  Strohkomposte  sowie  der  Erdmist  in  Hohe  von  10  kg/qm  (bei  einem 
mittleren  Trockensubstanzgehalt  von  59,1  %)  kurz  vor  der  ersten  Bestellung  auf- 
gebracht  und  12  cm  tief  eingefrast.  Je  eine  Parzelle  blieb  ohne  organische  Diin- 
gung. Als  Versuchspflanzen  dienten  die  zweijahrige  Fruchtfolge  FriihweiGkohl, 
Buschbohne,  Spinat  und  Porree. 

Die  einzelnen  Kulturmafinahmen  und  -daten  bringt  folgende  Aufstellung: 

Herbst  1951 :  Nach  Hafer  Pflugfurche  22  cm  tief. 

16.3.    1952:  Abschleppen  der  Pflugfurche. 

24.3.  1952:  Abdiingung  mit  10  g  P^O^^/qm  als  Superphosphat. 

15  g  K20/qm  als  schwefelsaures  Kali. 

4.4.    1952:  Strohkomposte  mit  10  kg/qm  aufgebracht  und  12  cm  tief  eingefrast. 

16.4.  1952:  Frubweifikobl  ..Erstling"  (iiberwinterte  Pflanzen,  Aussaat  15.  Sep- 

tember 1951)  aus  9  cm  Topfen  mit  50mal  50  cm  Abstand  ausge- 
pflanzt. 

28.  4.    1952:  Kopf dungung  5  g  N/qm  als  Kalkammonsalpeter,  anschliefiend 

10  mm  Kunstregen. 

12.6.    1952:  Erste  WeiBkohlernte. 

20.  6.    1952:  Zweite  Weifikohlernte  und  Abraumen  des  Feldes. 

26.  6.    1952:  Abdiingung  mit  5  g  N/qm  als  Kalkammonsalpeter 

10  g  PgOg/qm  als  Superphosphat 
15  g  KgO/qm  als  Emge-Kali 
und  12  cm  tief  gefrast. 

4.  7.   1952:  Aussaat  Buschbohne  „Saxa"  15  g/qm  mit  Reihenabstand  von  40  cm. 
17.9.    1952:  Erste  Bohnenpfliicke. 

29.9.    1952:  Zweite  Bohnenpfliicke  und  Abraumen  des  Feldes. 
15. 11. 1952:  Feld  mit  Spaten  25  cm  tief  gegraben. 

27.  2.    1953:  Abdiingung  mit  10  g  P^O^/qm  als  Superphosphat. 

15  g  KgO/qm  als  40er  Kali. 
18.  3.    1953:  Abdiingung  mit  5  g  N/qm  als  schwefelsaures  Ammoniak. 

Aussaat  Spinat  „Matador"  2,5  g/qm  mit  Reihenabstand  von  25  cm. 

18.  5.     1953:  Aberntung  des  Spinats. 

28.5.  1953:  Abdiingung  mit  5  g  N/qm  als  schwefelsaures  Ammoniak 

10  g  P.^Of^/qm  als  Superphosphat 
15  g  KgO/qm  als  40er  Kali 
anschliefiend  15  cm  tief  gefrast. 

1.  6.     1953:  Porree  „Carentan'  (Aussaat  vom  9.  April  im  Friihbeet)  mit  Abstand 
35mal  15  cm  gepflanzt. 
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3.  bis  5.  11  1953:  Abemtung  des  Porrees. 

Die  mincralische  Dungung  wucde  absiditljdi  reichlich  bemesscn,  urn  etne  cvtl. 

NahntofTwirkung  nach  Moglichkeit  auszuschalten  und  lediglich  die  ocganisdien 

Komponente    der    Komposrwirkung    zur    Geltung    zu    bringen.    Die    AberntuDg 

crbrachtc  nun   folgende  Gemiiseertrage   in   kg   jc  Panellc,   wobei   jeweils  die 

iuQerstcn   Randreihen   von   jeder  Parzelle  von   der   Bewertung  ausgcsdilossen 

wurdcn: 

Entfnicbt  1952:  Fruhweifikohl  ..Erstling" 


Gesaml- 

Marktfihigc 

Marktfahis 

Kompiist   Nr. 

masscncrtrag 

Ware 

in'/.vom 

nkR/Parzclle 

in'/. 

in  kK/Parzelle 
33,34  ±  0,83 

in*/. 

Gesamterlras 

Ohne  Komiiostdiiiijiii 

45.33  *  1,17 

~^ 

74.0 

1   (lirdmisl) 

51,09  ±  1,90 

113 

38.T6  ±  1.33 

114 

74,6 

2  (OhneN) 

48,41  *  1.13 

107 

34,' 1  *0,82 

102 

7o,S 

3  (+  n.3SkKN) 

55,39*  1,44 

l^J 

40,49  ±  1,27 

121 

73,0 

4  (+0,70 kg  K) 

55,SS  i  1,74 

123 

42,57  *  '.33 

128 

76,6 

3  (+  i,oS'kBN) 

52,()0  ±  2,49 

116 

38,61  ±  1,82 

116 

73,f> 

6  (+2.3okBK) 

40,28  ±  2,24 

89 

29,04  *  0.47 

87 

72,0 

7  (+o.35kKN  +  KUclil.) 

S.i.fiS  ±  0,63 

118 

41-45  *  0,59 

124 

77,' 

"^M 

*^^m 

[lev*' 

k,    •      --'■'•Ktti'' *.-,S^_-' 

-.  1  cJ 

Abb.  9  Stand  des  WtiBkuhU  kurz  v 

iriit   in  kg/gm   Strohki-nipost  mi 


Erfalk  wuide  der  Gcsamtmassenertrag,  wobei  aiie  oberirdisdie  Substanz  ein- 
ichlicBlich  Strunk  und  Umblacter  gewogen  wurde  und  die  macktfahige  Ware, 
d.  h.  die  verkaufsfcrtig  geputztcn  WeiUkohlkopfc.  Die  Enrage  konnen  fur  Friih- 


wcifikohl  „Erstling"  ah  schr  gut  bezeichnct  wcrdcn,  brachte  doch  der  Kompost 
Nr.  3  z.  B.  337  dz  ha  marktfahige  Ware  (die  zur  Auswertung  gdangendc  Par- 
zellenfladie  betrug  12  m-  nach  Ausschaltung  det  Randrcihen).  Auf  die  FriJhzeitig- 
keit,  d.  h.  dem  Tcrmin  des  Ernteanfalles,  sowic  die  GroGensorcicrung  der  Kopfe 
efgab  sich  keincrlei  deutUcher  EinflufS.  so  daB  die  becrefTcnden  Zahlen  hier  nidit 
aufgefiihct  werden  sollen.  Statistisch  gesidiert  (p  <  5  %)  warcn  die  Mehrcrtrage 
der  Komposte  4,  3,  7,  5  und  1  gegeniiber  2,  ungediingt  und  6.  Innerhalb  dieser 
beiden  Gnippen  liefien  sich  keine  statistisch  gcsidiertcn  Differcnzen  nachwdscn. 
Die  besten  Enrage  brachten  also  die  Strohkompostc  mit  einer  N-Gabe  von  0,35 
und  0,70  kg'cbm,  gefolgt  von  dem  mit  1,05  kg  N/cbm  und  dem  Erdmist.  Wcsent- 
lidi  schlcchter  war  die  Ertragslei stung  des  Strohkompostes  ohnc  N-Zusatz,  die  der 
der  ungediJngten  Parzellen  praktisch  glcich  war.  Die  schleditestcn  Enrage  wurden 
auf  den  Parzellen  mit  Strohkompost  +  2,3  kg  N/cbm  erzielt,  auf  denen  sich 
Starke  Verbiennungsschaden,  EinrolJen  det  Blatter  usw.  bcmerkbar  machten  (siehe 
auch  Abb.  9  und  10).  Die  toxische  Wirkung  der  hohen  KalkstickstoRgabe  bestand 
also  immer  noch. 


Abb.  Id  Stand  des  WelBkohls  kurz  vc.r  der  F.nite 
)ch  DunKiin«  mit   lO  kp;/<im  Strohkomoosi  mit  2.^  kn   N  cbm 


Als  Zweitfrudit  wurde  Anfang  Juli  die 
brachte  folgende  Ertrage: 


Kompost 


Ohne  KompostdunBung 

1  (Erdmist) 

2  (OhneN) 

3  (+0,35  kg  N) 

4  ( +  0,70  kt!  N ) 


5,82' 
7,64: 


0,48 
0,62 


^  ^  T,T  Gesamtertrag 

Kompost  Nr.  in         ii«       ;«  a/ 

in  kg  Parzelle       in  •/• 


5  (+  1,05  kg  N;  6,22  ±  0,45  lOo 

6  ( -h  2,30  kg  N)  5,86  ±  0,52  94 

7  (+  0,35  kg  N  4-  Klschl.)  6,o6  ±0,51  98 

Infolge  sehr  zeitig  einsetzender  N?.chtfroste  im  September  fiel  hier  die  Hrnte 
relativ  niedrig  aus,  beim  Kompost  3  z.  B.  konnten  nur  56  dz/ha  erzielt  werden 
(bei  einer  ausgewerteten  Parzellenflache  von  14  m'  nach  Ausschaltung  der  Rand- 
reihen).  Die  Erfassung  der  Blatt-  und  Strunkmasse  konnte  wegen  starken  Frost- 
sdiadens  nicht  stattfinden.  Audi  hier  ergab  sidi  kein  Diingungseinflufi  auf  die 
Fruhzeitigkeit  der  Pfludce,  so  daB  auf  die  Wiedergabe  der  Werte  hier  verziditet 
wird.  Durdi  die  niedrigen  Ertrage  ist  audi  eine  groBere  Sdiwankung  der  Ver- 
sudisergebnisse  bedingt,  so  daB  lediglidi  der  Mehrertrag  der  Komposte  3  und 
2  gegeniiber  den  anderen  statistisdi  gesidiert  ist  (p  >  5  %),  wahrend  alle  anderen 
Untersdiiede  innerhalb  der  Fehlergrenzen  liegen.  Es  fallt  hier  auf,  da6  der  Stroh- 
kompost  ohne  N-Zusatz  (Nr.  2)  diesmal  wesentlidi  besser  gewirkt  hat  als  beim 
WeiBkohl. 

Ira  folgenden  Jahre  (1953)  folgte  Spinat  „Matado  r",  dessen  Ertrage  in  der 
nadisten  Tabelle  zusaramengestellt  sind: 


Kompost  Nr. 


Ohne  Kompostdiingung 

1  (Erdmist) 

2  (OhneN) 

3  (-}-  0,35  kg  N) 

4  (+  0,70  kg  N) 

5  (+  1,05  kg  N) 

6  (F  2,30  kg  N) 

7  (+0,35  kg  N  +  Klschl.) 


Ertrag  pro 

Parzelle 

in  kg 

in  Vo 

15,0  ±  I,T 

100 

17,4  ±  1,0 

116 

T7,i  ±  0,8 

IT4 

17,6  ±  1,3 

117 

14,7  -  2,6 

98 

18,3  ±  0,6 

122 

18,1  ±  2,9 

121 

16,4  ±  0,7 

109 

Der  Ertrag  kann  mit  101  dz  ha  bei  Kompost  3  als  normal  bezeidinet  werden  (bei 
einer  ausgewerteten  Parzellenfladie  von  17,5  m'  nadi  Aussdialtung  der  Rand- 
reihen). 

Hier  steht  der  Kompost  Nr.  5  mit  1,05  kg  N/cbm  an  der  Spitze,  der  Mehrertrag 
gegeniiber  ungediingt  ist  gesichert  (p  <  5  %),  wahrend  alle  anderen  Ertrags- 
differenzen  innerhalb  der  Fehlergrenzen  liegen.  Es  ist  jedodi  auffallig,  dafi  sidi 
jetzt  die  Kalkstidcstoffsdiaden  bei  Kompost  Nr.  6  verloren  haben,  der  ziemlidi 
mit  an  der  Spitze  der  Ertrage  steht. 

Nadi  dem  Spinat  wurde  als  4.  Frudit  P  o  r  r  e  e  „C  a  r  e  n  t  a  n"  angebaut.  Die 
Ertrage  bringt  folgcndc  Tabelle  (siehe  Seite  481): 

Die  Ertrage  mit  z.  B.  283  dz/ha  marktfahige  Ware  bei  Kompost  Nr.  3  konnen 
als  gut  bezeidinet  werden  (Die  ausgewertete  Parzellenfladie  betrug  15  m*  nad^ 
Aussdialtung  der  Randreihen).  Hier  sind  die  Ertrags untersdiiede  bercits  aufier- 
ordentlidi  gering,  obwohl  Porree  sehr  gut  auf  organisdie  Diingung  anspridit.  Auf 
dem  leiditen  Boden  war  die  Wirkung  der  eingebraditen  organisdien  Substanz 
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M  arktf  ahige 

Gesamt- 

M  arktf  ahige 

Ware 

Kompost  Nr.                        massenertrag 

Ware 

in  •/•  vom 

in 

kg/Parzelle 

inV« 

in  kg/Parzelle 

in  Vo 

Gesamtertrag 

Ohnc  Kompostdtingung 

75.8  ±  4,6 

100 

41,9  ±  1,7 

100 

55,3 

I    (Erdmist) 

8o,4  *  o,9 

106 

43,8  ±  1,0 

104 

54,5 

2  (OhneN) 

79,8  ±  2,1 

105 

44,0  ±  1,3 

105 

55,1 

3   (+0,35  kg  N) 

79,o  ±  2,8 

104 

42,5  ±  1,3 

101 

53,8 

4  (4- 0,70  kg  N) 

76,6  ±  0,6 

lOI 

40,4  ±  0,5 

97 

52,9 

5   (+  1,05  kg  N) 

75,7  *  5,2 

100 

40,7  ±  2,0 

97 

53,8 

6  (+2,3okgN) 

82,8  ±  1,7 

109 

44,7  ±  0,6 

107 

54,0 

7  (+0,35  kg  N  +  Klschl.) 

80,0  ±2,2 

J06 

43,5  ±  0,9 

104 

54,4 

also  bereits  nach  2  Jahren  praktisch  beendet.  Die  bcsten  Ertrage  brachte  hier  der 
Kompost  Nr.  6  mit  der  hohen  Kalkstickstoffgabe,  es  zeigt  sich  also  eine  Umkehr 
der  Ergebnisse  des  ersten  Jahres.  Audi  hier  wurden  Gesamtmassenertrag  und 
marktfahig  geputzte  Ware  erfaGt;  es  ergibt  sich  jedoch  kein  augenfalliger  Einflufi 
der  Diingung  auf  das  Verhaltnis  zwischen  beiden,  wie  audi  bei  der  GroBen- 
sortierung  der  geernteten  Porreestangen  keine  Tendenz  zu  erkennen  ist  (letztere 
Werte  sind  deshalb  nidit  aufgefiihrt).  Eine  Sidierung  der  Ertragsdifferenzen  im 
statistisdien  Sinne  liegt  lediglidi  zwisdien  den  Komposten  Nr.  6  und  1  auf  der 
einen  und  Nr.  4  auf  der  anderen  Seite  vor  (p  >  5  %). 

Die  teilweise  gegenlaufige  Wirkung  der  Kompostdiingung  zu  den  einzelnen  Kul- 
turen  madit  eine  zusammenfassende  Betraditung  der  gesamten  Fruditfolge  not- 
wendig.  Uni  die  in  der  Hohe  redit  untersdiiedlidien  Gemiiseertrage  auf  einen 
Nenner  bringen  zu  konnen,  wurde  hier  ihr  Geldwert  (nadi  jeweils  gultigem  Listen- 
preis  sowie  amtlidien  Sortierungsvorsdiriften)  ermittelt.  Der  Obersiditlidikeit 
halber  seien  diese  Werte  auf  den  ha  bezogen: 


Friih- 
weiBkohl 

Busch- 
bohne 

Spinat 

Porree 

Mehrgeld- 

ertrag  im 

Verlauf 

Diingung  mit 
Kompost  Nr. 

M 

tt      '•  >  2 

r»  jz 

OP 

00 

der  Frucht- 

folge 
gegeniiber 
ungediingt 
in  DM/ha 

Ohne  Kompost 

diingung 

278    61 16, — 

44 

1 584,— 

86 

1376,— 

279 

7(^27,— 

+           0 

I   Erdmist) 

318    6996,— 

41 

1476,— 

100 

1600, — 

292 

7973.— 

+      1342,— 

2   (Ohne  N) 

284    6248, — 

44 

1922,— 

98 

1568,— 

293 

8007,— 

+     1064, — 

3   (+0,35 kg N) 

337     7414,— 

56 

2016, — 

lOI 

1 61 6, — 

283 

7727  — 

+     2070,— 

4  (+o,7okgN) 

355     7810,— 

40 

1440,— 

84 

1344,— 

270 

7233>— 

+     1124,— 

5   ( +  1,05 kg N) 

322     7084,— 

44 

1584,— 

105 

1680,— 

274 

7280,— 

—      925,— 

6  (+2,30 kg N) 

242     5324,— 

42 

1512,— 

103 

1648,— 

298 

8067,— 

152,— 

7   (+0,35  kg  N 

345     7590,— 

43 

1548,— 

94 

1 504,— 

290 

7900,— 

+     1839,— 

+Klschl.) 

Es  zeigt  sidi  aus  dieser  Aufstellung,  dafi  der  groBte  Kulturerfolg  im  Verlauf  der 
zweijahrigen    Fruditfolge    durdi    die    Strohkomposte    mit    der    N-Gabe    von 
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eine  betrachtliche  Mehr^'crterzeugung  zur  Folge  hatte.  Mit  einigem  Abstand  folgt 
der  Erdmist,  wahrend  die  Strohkomposte  mit  den  mittleren  N-Zusatzen  (Nr.  A 
mit  0,70  kg/cbm  und  Nr.  5  mit  1,05  kg/cbm)  sich  von  dem  Strohkompost 
ohne  N-Zusatz  (Nr.  2)  praktisch  nicht  unterscheiden.  Sie  brachten  jedodi  gegeo- 
iiber  „ohne  Kompost"  nodi  eine  merkliche  Mehrerzeugung.  Nur  der  Strohkompost 
mit  der  hochsten  N-Gabe  von  2,3  kg/cbm  (Nr.  6)  brachte  gegeniiber  ungedungt 
keinen  Mehrertrag,  die  Ertragsdepression  des  ersten  Jahres  vermochte  durdi  die 
etwas  besseren  Ertrage  des  zweiten  Jahres  nicht  ausgeglichen  zu  werden. 

Alles  in  allem  ergibt  sich,  daB  die  Strohkompostdiingung  auf  dem  leichten  Boden 
zu  Gemuse  einen  guten  Erfolg  brachte,  der  dem  einer  Erdmistgabe  sogar  iiber- 
legen  war.  Wie  die  Einzelertrage  ausweisen,  halt  die  Wirkung  der  eingebrachten 
or^anischen  Substanz  auf  dem  leichten  Boden  nur  bis  zum  Verlaufe  des  zweiten 
Jahres  an,  so  dafi  eine  organische  Diingung  also  nach  diesem  Zeitraum  wieder- 
holt  werden  muG.  Die  Ertragspriifung  im  Feldversuch  bestatigte  weiterhin  die 
Ergebnissc  der  GefaGversuche,  daB  der  Strohkompost  mit  V4  Erde  sowie  mit 
einem  N-Zusatz  von  0,35  kg/cbm  als  Kalkstickstoff  sich  als  physiologisdi  wirk- 
samster  erwies.  Ein  eventueller  Klarschlammzusatz  in  der  vorgenommenen  Hohe 
envies  sich  als  moglich,  ohne  dafi  sich  aus  den  Versuchen  jedoch  ein  besdmmter 
Vor-  oder  Nachteil  herauslesen  liefi. 


Zusammenlassung  und  Scfalufilolgerung 

Die  von  1951  bis  1953  durchgefiihrten  Versuche  zur  Strohkompostierung  sollten 
klaren,  welche  Stickstoffmengen  in  Form  von  Kalkstickstoff  am  besten  bei  der 
Kompostierung  von  Stroh  mit  Erde  zuzusetzen  sind,  um  ein  fiir  Zwecke  des  Ge- 
miisebaus  zur  Diingung  gut  geeignetes  Substrat  zu  erhalten.  Nach  viermonadger 
Kompostierung  wurden  die  so  erhaltenen  verschiedenen  Strohkomposte  auf  ihre 
Diingerwirkung  im  GefaBversuch  zu  Spinat,  nach  einjahriger  Kompostierung  im 
Feldversuch  zu  der  zweijahrigen  Fruchtfolge  FriihweiBkohl-Buschbohnen-Spinat- 
Porree,  die  als  sehr  bediirftig  fiir  organische  Diingung  gelten  kann,  untersucht 
Wahrend  des  Kompostierungsverlaufes  zeigte  sich,  daB  ein  zweimaliges  Umsetzen 
(nach  je  4  Wochen)  auf  die  Verrottungsvorgange  sehr  fordemd  wirkt,  nach  jedem 
Umsetzen  war  ein  betrachtliches  Ansteigen  der  Temperaturen  (bis  zirka  70°)  zu 
verzeichnen.  Ein  spezifischer  EinfluB  der  Hohe  der  zugesetzten  N-Gaben  auf  den 
Temperaturverlauf  lieB  sich  dabei  nicht  erkennen,  wahrend  die  festgestellten 
Volumenverluste  wahrend  der  Kompostierung  mit  den*  Stickstoffzusatzen  zu- 
nahmen.  Von  einer  Desinfektion  der  Komposte  durch  Selbsterhitzung  konnte  keine 
Rede  sein,  wie  sich  am  keimfahigen  Unkrautsamenbesatz  zeigte.  Die  mit  Wanne- 
abgabe  verbundenen  Umsetzungen  schienen  einheitlich  nach  4Kmonatiger 
Lagerung  beendet  zu  sein,  da  dann  die  Temperatur  in  den  Komposten  sich  auf 
die  AuBen temperaturen  einstellten.  KgO  und  PgO^-Gehalt  sowie  pH-Wert  der 
Komposte  wurden  durch  die  verschiedenen  N-Zusatze  nicht  wesentlidi  becin- 
fluBt,  nur  der  N-Gehalt  nahm  verstandlichcrweise  zu. 

Die  physiologische  Priifung  nach  viermonatiger  Kompostierung  im  GefaBversuch 
zu  Spinat  zeigte,  daB  die  Umsetzungen  bereits  soweit  fortgeschritten  waren,  daB 
das  Substrat  zur  Freilandabdiingung  verwendbar  war.  Der  prozentual  grofite  Teil 
der  zugesetzten  N-Menge  wurde  bei  einer  N-Gabe  von  0,35  kg/cbm  Ausgangs- 
substrat  bei  den  Pflanzen  physiologisch  wirksam  (72,2  %).  Die  Strohkomposte 
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am  besten  beurteilt,  da  sie  mit  steigenden  Gaben  gleichmafiig  zunehmende  gun- 
stige  Ertragsforderungen  ohne  Depressionen  audi  bei  den  hochsten  Gaben  zur 
Folge  hatten.  Der  Strohkompost  ohne  N-Zusatz  zeigte  wesentlich  schlechtere 
Brtragsleistung,  .wahrend  die  Strohkomposte  mit  hoheren  N-Zugaben  leichte 
Hrtragsdepressionen  verursachten,  der  Kompost  mit  der  hochsten  N-Gabe  von 
2,3  kg/cbm  zeigte  sogar  ausgesprochen  toxische  Eigenschaften  und  verhinderte 
jegliches  Wachstum.  Diese  Eigenschaft  blieb  audi  nodi  nadi  einjahriger  Lagerung 
erhalten,  wie  nadi  dieser  Zeitspanne  wiederholte  Gefafiversudie  zeigten. 

Nadi  einjahriger  Lagerung  wurden  mit  den  Strohkomposten  Parzellen  eines  leidi- 
ten,  anlehmigen  Sandbodens  in  Hohe  von  10  kg/qm  abgediingt  und  mit  Gemusc 
in  der  zweijahrigen  Fruditfolge  Friihweifikohl-Busdibohnen-Spinat-Porree  be- 
stellt,  wobei  fiir  reidilidie  mineralisdie  Diingung  gesorgt  wurde,  um  vorwiegend 
die  organisdien  Diingungskomponente  der  Komposte  zu  erfassen.  Es  braditen 
audi  hier  im  Verlauf  der  Fruditfolge  die  Strohkomposte  mit  0,35  kg  N'cbm  die 
hodisten  Ertrage  (Mehrwcrterzeugung  gegeniiber  „ohne  Kompost"  zirka  2000  DM 
je  ha  bzw.  2  DM  je  dz  Kompost),  wahrend  der  zum  Vergleidi  herangezogene 
Brdmist  sowie  die  Strohkomposte  mit  0,7  und  1,05  N/cbm  sowie  die  ohne  N- 
Zusatz  weniger  gut  wirkten.  (Mehrwerterzeugung  gegeniiber  „ohne  Kompost"  zirka 
1000  DM  je  ha  bzw.  nur  1  DM  je  dz  Kompost).  Der  Strohkompost  mit  einem 
N-Zusatz  von  2,3  kg/cbm  bradite  sogar  keinerlei  Mehrertrag  gegeniiber  der  kom- 
postfreien  Diingung.  Die  Kompostwirkung  reichte  in  alien  Fallen  nicht  iiber  das 
zweite  Jahr  nadi  der  Ausbringung  hinaus. 

Damit  konnte  gezeigt  werden,  dafi  aus  Stroh  unter  Zusatz  von  H  Erde  sowie 
0,35  kg  N/cbm  als  Kalkstickstoff  nadi  halb-  bis  ganzjahriger  Kompostierung  ein 
sehr  brauchbarer  organischer  Diinger  gewonnen  werden  kann,  der  in  seiner 
Dungerwirkung  vererdeten  Stallmist  sogar  nodi  ubertreffen  kann  und  zur  Ab- 
diingung  im  Gemiisebau  hervorragend  gceignet  ist.  Es  erwies  sich  dabei  als 
zweckmafiig,  den  N-Zusatz  im  Gegensatz  zu  den  Angaben  anderer  Autoren  nidit 
iiber  das  angegebene  Mafi  von  0,35  kg/cbm  hinaus  zu  steigern,  da  die  Ertrags- 
wirkungen  dann  nadilieBen.  Damit  kann  ein  Hinweis  zur  Oberwindung  des  vieler- 
orts  besonders  in  Gemusebaubetrieben  bestehenden  Mangels  an  organisdien 
Diinger  gegeben  werden. 
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&  Broader 


Grofigrungestaltiuig  und  Stadtebaa 

280SeUeB,  218  Fotot,  18  ZeidiBiuigeii,  Fonnat  19,5X24  em, 
GaozleineD,  mit  SdiDtznmsdilag,  19,20  DM 


Mii  dieiein  Werit  wnrde  der  Venndh  nnterDommeB,  die  Probleme 
der  Groflgrangestaltiuig  mil  denen  dea  neazeitlicbea  Stadfebaues 
za  verbinden,  nene  Anregungen  zn  geben  and  Perspektiveii  fur 
die  zukunltige  Arbeit  in  der  GrofigrangeefaliaDg  aiifziizelgen*  Die 
Gmndlagen  fur  dieses  Werk  bilden  die  Erfaliningen  des  Ver- 
fassers  beim  Neaaofban  der  Stadt  Dresden,  der  Stalinallee  and 
Ton  Stalinsfadt,  sowie  die  Erkenntnisse  and  Erfabmngen  sowje- 
tisdier  Ardiitekten.  Alle  Planongs-  and  Gestaltongsfragea  uret- 
den  systematisdi  beantwortet 

Das  Werk  will  daza  beitragen,  die  grofiea  Ziele  sar  Stadtf  e* 
soBdnng  zn  Terwirklidien,  damlt  die  StAdle  and  Ddrfer  wieder 
Lebeos-  and  JErholungsraom  and  Heimat  werden. 

Die  zahlreldien  Fotos  sind  eine  Zierde  des  Werkes. 
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bitte  an  ans. 
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